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0 bo> 44 JO 9 0)9 oi <$91)0) 

^jj^SLo^j JlJ JLL-t&Zp <L_> J j-j jj^o^Ljb j jj-oJu 

£6j_.Ub l»L 060 4j l^J0^ 00^0 L ^LjI ^ 

^jL-0 ^$00->L-&li 0 LwM*» Q bOmtmJ 1 

Lo^Uj 0 j^bj ^J00J 1 ^ 60 Lbi LyIi4^J 0^*J ^ Aj 

•coj^d ^ 0^—> ^ 5 * 0 ^> ^*J ^* 5 * 


j—> ^*-*—*^ T 0 J 0 ^ 4-^j 6 ij^U (jCLc< -L^l ^Lc-) 00^5*0 i ^0l5*Lyt» (jLw!mj6 

c D0 Lw-^j 15 A—^ 0 U L) <Lw j Lo I 0 0 Lw* 15 * ^ui L> 3 L>j^Lmj 05*60 

0 ^—<^ 60^_l 1 <^60 (jj^-> Ow^6 |»<Lwi' 1*^ 

^ Lj 60 ^-< ■*.' 0 |» J4j C p j ^J| *0 ' ^ ^ ^ ‘ ■* 1 0 tj^»».*.J^XJ gb^^mmj cJi50 C|»^!^J 

j>DjLS* 0 00 —> C*-u i jj ,6 V ^4__)^J*Jjry ^4__> L^ Lo cJ &0 |C i./ 

. ijSsIj 

0 Ij^LJbjjL 15*604—5*60 gbj\jA—} ciiJ«L ^&j gj 1 < ? I ^ 4_1 ^j 4—•■jj j^ 4^w^ 

j jIj^L-j ^5*4—t60*Co^5* 0333 ^0*L—olS*4j*U^f jj^o^LJb 4_J 3jj_^o ^jL>j 04—mj4J jLoj^L-^jjIS^ 
Lj> 6j6jL^lJ (^jlj^-^ olj J w^ J^O 4 ^ 6 J 00 ^o 4 Jb Jj ^ 5 * 4 _> 604 JO ^** 0*1 

lj—>L«_> ^3"t 15^60^5^60 ^15^10j5" ^ 60 ^j 0 ^j^J 

Jl- 5 " ^ <7)6 0 ^») <• l<wwLw<3 6 ^ 0 L-> 0 ^ ^5" ^l 06 i 0 ^J 0 CU-O 1^0^-mj^J jL_>015L.10j5" 0 UoJlT 60 |^aa» 0 J 

I ^ Y ♦ 4 Y* 0 ^-*^/ 00 j 0 ^j 0 j a5* ^j 60 ^j 600 ^^ L»^j jj L >0 


v 



3 j4*JL> j> 4. * ■». ..V<—> 4j 3 ^ £^ 33 ^ ^ J L>4-9 4*$* £fU& i 6^aJ ^-Jw-jfi^a Aj^LLjLj 

. ^ujI jaj&jjb ^jLjIj ^S* '<L)‘C-*j£a£ 

00 bj L> 4_Ml ljtfL-> ^jLJj ImLm/L) d^l^> jl> aj ^wwi" ^4*J 

^Ij^LJbjjlj *l_» OfijLa^wj ^>7» ijljaj ^jLjlj j fijji J* ^L_> jlS^a^ljajbjjLj 4_**jj4jb 

i^gbjd*-)I 3333 ^jL-»j j a^aaJ j\j£ 

. ^j&^a«_£. ^£jIS*Lmj 3 d ^ Lmj 4j Ub^^ajb c&^LL*jkjlS*4j ^jLS*&^a*S*&^ 

3 ^^ j7^i0w> -* a_l ^ 1 ^a_)iOsj>^jj ^a*j ^jbo4«&4j ^jLo*J^a«& a*jj^j c & ^ wjjj 

d^4j ^^ 0333 j7»Lj J£j c«wj^^ &S\jij ''kX^HmOmm* 3 O 3 ^£«4jajbaJ c JryL^jjLS 4 j oLw 4 jUo^ 

cJa_og-Jba^ .a* ^ a*t iCX o aJ a^S*a-wtij^LC- cJd^ 13& i a*$*a_o ^ 33 ^ a w o^^^3a w o £OOj^\^mj ^ 

6^a» >u)6^aj dal^o 1 >bo boa & 3 s^a. a\ ^a ^ ^jboa ^a^jajb ^^ 33 ^ 3 ^ * a i 

. : ( ,J$ a«oj bs^Mt6 ^4 j 

^a^_»l^»ww^ \£ 1^ ^£333 ^ auU^ww^" ^jjjjl^a«& ba5"a>jL aJ ^jbo^S* ,v 

ja_> ^oa_S"au ^a l \A t ^jl^a , qI 3 3 > 4__j4jb 1 j ■** * * 15*4 «a «i« ...a-^jA ^L*a__l ^ a , < S* 

aJai" a_j a*o*$* & 5 bOmjb 3 ^j 1^ ^ 0^33 b ^ b»,9 I^S^j> ja_« ^aj £^^ 33 ^ I d 3^3 ^ <• a*^ I ^ a«jj I j ajb 

jLljfijL^ jl jL£ j $3 4j jL CUIj truujjjJ a^ aJL.^jj_Lj jjJ a^jjj coLS^b ja-Jo C^»6i ^jL5^a^a_; 

. 6ja»>a5b) ^> jaJ ^jlS^ab^ajb ^ 


j^lJ j_j j_> jb Jja__& j / ^jlj—'a_» C^a^> ^jjj aJ jiau>Ij a_»Jj 

£3a >v< ;;,j5^ ja__> ^^oa_jb^aj c^_>a_^j ^>v» *** 3 ^ ^^j\j ^jLjcbo^^ 1—a__> a^jLba^* 
J Oi^J^ 3 ~^ ^ 01j 3 3 jl 33 *-*u*-J |»a^> j(L-*j 3 jLoj£> Lj Cj^ja^-1^ ^»4_> ^jljfij 

.jlij^j j bjjj ^33*2^33 jd*i*u ajL»ajtf (jJa^j^iUj ^fijaJ^LLjj^aj 


A 



5 ( J» h > {JjUp )LLmJjj^oLo ^3^ <£ LLu j j- 0 Lo JjJ |*»o4-olj 

• Ol jjj *Ltl j4j t*U j jjj 

<lS ^j>\->jji -'-^^> J-«Lo |»i^ _ j jaJij?- jjj ^jj L& jljj j-j |^LjLj 

«o»w fe ^j 4-1 cii-w^ ' gU Jjj ^^33^ ^Jb l«Lo 

• lJjLc. -Lo* jJI-L-C- LLmJj^O Lo J jLbj^J (iJlS^ jJ ^j-uLj-MJ LbfijjiUb j4j 

^^33^3^ ^ j Ij j ^u L ^ IjL I-LoLj^SLJ 

• ^jLo^LLS^L ^jLjj^ 4i'^yL' {£j^33*^^ AvwmS' 

J^J b J 


L j*a L w -Lo^ J^jjj {j\j^ 

Y ♦ ♦ ^ /^/S -L*Jb4-£i ^4j£dJdJb 





jljlj-j jl—£b C&jL-j lilj4Jbjjb j J+idS J45*4J 6j4_> ^Jjjj ( ^b&j4^4j j4Jb 3jj^o 

4—tljjj 4-_$* ^£4*^jijjb j4—) j^-^4»J 6jjj4—Jb ^jl—J ^S^4 .oIj6jL-cu 4»j ^laJ jJLj ^jbj b ^JjjJ 

j4—tV jjj jj ^^.145* lj4Jbjjb j ^j IS*4u4j b j^L^j^lI ^SbwL»->^i45 s-w> . ^£jfi ^ I-UJ45"4J 

4jLhu—>lj J 1 j cb3l ^ '^y-3 Cjlj4*£ijj&j CjlS* ^Jjl^ (iJ&j) 4*j4^k 

C^plj_^ ( ) ^—<I/jJ&j ^>jijjLj ^4,^ L^ Jl o jjlj>6i ^^SnJ 4^ 4J jjj . (-LL& . . . . j 15"4-j4-tV4 ^o jS" 

. jL-ilS^jlS* j-£ jJ ^jJ*Jj6 ^ oLj1^4.JLo 4J j4j 

Lj CCXJu jjjj j jL-mjIj 4 -bblS* ^ 4 j (ta ^Jj6jb Jbj^J Jj fijli ^jL>j 4 j ^SblJj4Jb 6 j 4 ^jbjLb 4 j 
^ 4 jL^ j 4 j jj^o 4 Jb 4 j ji ^ ijJjb i Jj CbL> 4 j ^jbj*J jL ^jIS* ju ^S^jJu j I^S*b 4 j ^JL^uJLj j 4 JLjj> 

L> COjlIjri &jjlj ^".11 ’ I j Jl 15" ^ 1 <jj! J 1 .C'2 J ^ ^ IJlJ15‘^G<LiL ^2 Jv ^ Ml 4 1 

CjliSi jlS*4^_t ^ *VJj 6 j dijl—O j j4-_S*fi^ j Jj^*J 4j ^4—tb Ij4 ta _&jjb I j ^£6j4*jj4*j4b 

^w— j Ij 4—i j& id i LJ^"*-£ 4_£* 4—»4jIj4j J— 1 ^jLjj 4^bJyS* ^4 j 4jJj . 6j4JJj^o4j jLjJj&jj4j ^4jLwO 
LfeSjj4. fe ^l h ‘'' J j ^ 1 4—5* j Ij4 kjjb ^- 4^b»J J—f ^JyJ—>fij ,yir^ 

JIS* jl*lS dJfij ^^j ^315*4.7.m.JiIj j LjI jj> ^Lubjj ^j4^-»b4j) jSblj ^3L-ibj3 ^ 6 jl/4^ljb 

.(4SbL)j j 

114—<— 1 1^b ^j 4—»L ^ **' 4b j^6 i c &L^Sbo b ^j\^> 4»J 3 ^ 

^ b ^ I Li Ij— mi4_i C-wIy4Jb 4^_I ^plu^4^_) 4^_i|^4^^^b b b j ^j4*j b ^jb-^o4^4»j C 4-yj4^*j 

j I j4-Jbjjb 5^6 j4— ^6j ^S^4 —16 j4ji jjj 4—<Ii4j ^ 4 _j .jL^uj^Jb i ^j ^L*Zu Jj ^jlS^4j4jb 4-<li6 j4j 

j Ij4 & L1 -mj4j j ^^0j 4_^ ^4_b J 6j4jlj5^yIy-yJ j 6 jjj j lS^4u j Ij4—^45 j4u IS*4jL^5s.1j 


j 4—<L_1 j 1 < 113 jjj ^7< * < j (ta^b&ijjj 4_^ j4—> ♦ JuJ^bj * * »V> « < ^ 

C4_lft - j ^4-1 J LojaJ" J loj4_^ ^3^4^ J ^_»jL jljL cJ 5j C d » * fij ^.WWAl L«_MJ ^jm) [£ 

. 4_t I ij\i»MjjjC b ^_^j4-> 4J ( jIi4jLo jj-o 4J& I ijjj 



j dS—ujj L ^ ^ titjjbj ^ L-&) j)\5^—> ^ ^ 0-?^ ^ Ijdjjjj 

*lJ ^jlS*4 —> j fiijbi ^j4*jb JjJ 6^j!jS* <O^Lwib b" 4*0 4-& 

6j4jjjJj-j> L^Jj b ^jj^J 6j4Jo ^ b i ^j lj4Jfcjj b ^J4 ^j4j b jjj 45* cli ( ^ ^ — ^ * — ^ ) ^<Ii4j ^mj 

.IS*4^_ t 45b!4*_i|j|jj j j\ ij4 ta b* ciJ&j IS* 45* Ll*^j 4o ^Zj^Jbj ftijbi j j 

(_^j^— 1 J —$" j ( _ 5 jIj‘ | -J>jjIj OJJJ (“V (Lr“ J l£jL^ 

^^jIjJ-S* j Ij4*jbjjb < ^!5*4**<> 1 jj4Jb j jLSbjl j-Lu 4_> Ojbi j 4*> M* -MT-U )t ^u 

>>4J ^Ij4^jjb 


<iljjj4jb ^plS*4*obj^j 4-JH5*jU& jbwo^cu c ^uIjJLj ^j^Sbiib (iisJ^jS* ^45" \*Zs£ ^jbjS* 

^jJw-wO^j C5“ Ml1 b ^ &j4jlS*4**ib ^£Jj_jI^4o jb 4*jfi^| ob^^S ^£j^*£ib C 4*olj4Jbjjb 

. 6 ^ 5 1 ^^sojj b I • 4^*wb 4*1 45* 4-» 4»&j^ b IS* 4o ^L ^u J |j l^j l^j 


j |j4Jfcjjb ^Lujj 1 j IS*4 -o4_L*j>?_L) 4u4jb ^Jo^S* ^j^45blS-t4j jyjjjjd£jd*+) >jblj^Jb L> 


Lo«-b»wOjS^jlS* ^CoIjS^jfi_^-wI j4JL»L»w J (jJ4*tfi b ^j\\ j> ^\ 


04j 


b-£/45* 


4 S*4_t (^L 2 > 4 jLmj 4 j iI 4 -&) (^4jjj 6j4j Jj ( jJLu2-mj 6j ^_tJubb C^j Ij4jj Jbo4S*4jL»4S*b C<wL> <iljJj*L>j4Jb 


^4^o4j j45*4j CJJ4J I-LwU-i4***j 4»I j C^Lmjjj4j (jJjLwwCS^ dbjjj |«JLub (ibLMi4^ ♦OwLlfti 

Cj^j 4_»b^S n-mjLj ^>4^o4j j45^4j Cj^J 6 i 4->li^ibj |^-b6j4.j j^S 4j Cj^jJL bb ^ubjjjSb 

4-oj^S^ c) U 4^-*-mj^ 6 i j-»6 J3^ ijp^ 4-*°4-» ^ul^j> ^UI ^^6^4 —> ^4^4 —> bj 

.^LS'.jjj 4 ,m^m^^ 4»i ^4 - mj 4 - I I b^-Mj 4«J^w0 4Jb . 








A&jAj £ iUjU 




















Ij 4 £ A&jdJ £ 4 jjU 




X JIlmJIj <j J^>5 4m 4^ 

jj_*o4_& C 6j I i Ij4_&4bj4j ^jLbfiijbi j j4-bftj 4__> ^^4—tb 6j4jboftj j-O 4^ j4^ 3jj«*o 

4_> C^j4^_) [jj^o ^jL-»j j4_ mj^J fijjj4^Jb ^j^j4.~—m,i Ij L> j j^j4JL-mj Ij ^£j4-b*Jjlb 4b ^£4 j |j4j 
j 6^Lmj j 4 J 6jj—^ > 3jj_>a ^Ij^-cuL Ijjlb&jj&jb j jjb 4>j4 jn *»J ^^j^u-tb 

jLbblj jjIL LLm*_Lj ba_& C^£4-j|jjj <^bj j4-*mi 4J <^£j4b-tjlb j Ij4jbjjb ^jlb6j4b bj ^jlbLuj 

jj ^j^uJu Lm^^iS j jb-«-J 4-1 ^L/4^o4j C Ij4,&jjb j ^pu4b ^6j4-«-djb-d 4*j ^4«jb 

4-J j4_j^f jjJ 4_t jib ^j-Jfij c y>jijjL> 4ibj-j> . 6jl—<£ ^-tJL-d/L 4 j 3j^o ^jbj 4j ji^b 
(JtaJ> j^— mj4-I 4^_t4Jb ^-Jjj Ij4—kjjb ^jlb&j4-b6j CtOLb&i Jjj-^o ^jbj Ib4-t4*j*^[ 

4-d 6jjj j jjjL-mj4*j j boj4-b i^jjbj 4_I 4-b->4j j oLmmi cbj4—i j ( Jj> £rLL<->6 i 4»jjj Ccbj4uj 
4__I C^jij^- *■* ■ - jj i IIj ^ j &j4__jjj b ^£j3 “TJ^ ‘ ‘'^ ^ bbfijj4__fc . bboj4_-uj ^£jj6 j 

4-j>jb 4_J ^JjJb4^_Mj ^ ( J ^^yg4j) ^£6j4-jjjjb 4-1 C 6 j Ij L<J> ^SdLo- < j4-£ jj 6 j4bjLo ^ j4Jb 

4-J jI 1^ Cw^jj» j»j 4,o»*—> jL> ij4—i 4_i ^6 j4—jjjbj jlb6j4.M» »o4j> ^jlbOjLw 

(.4LJL.Lt l-L-ibj jbbu4-I jISL-LmJLi jbbo4b ^4 jLoL> j4jjj ^ ^JJJ^ ^b*^j J ^jbj^S. 

•U^>j-> (^^SbLij ^o jiU jbjj-o4^ 4^jj ^jj 4> jjlj.^ JJJ 6j 

j4_w4j 4_)4Jb ^Ijl(jjl^L-i ^j^».i b 4 j l^4Jb^^b ^j\^bj^Sbj 

^Jbj b>j4*Mj jj^jljb C^j!j4*j4jjb5^ ^ ( ^mJjd£SmHjb $ j j3m»l£ ^>3 4Jbj4»j 

^4*-*jJjb j-»4j ( jI(^_JoJj£>j ^>jijjL) 6j Cjj^o ^4j|jjj ^jbj Jj ^bj^i 

L-»^) b»u4 * * i^j 4«) jjl^j 4J 4b 4_)4Jb 6^4—) ^6^4jji^j^^b 4j ^J^Jb4j 

. O lb 6 i j IjJj 

j4 —M j4j ^>?_j 1 iL_i 4^J jbo ljiLJb4bjiU ^jijjL. ji^bfijbob C^->b Ubfijj4Jb 

jb^/b j_) O bSbjLj bfi-LJjJ ^4jjj> 4 J 3jj-^3 jjj Cw<_)j_L» C 6j4-LLu.iljb ^jlbfijljbj> 5jl jmO b 






A&jAj £ 4 jjU 




(ibUlS* CjISLj ^^jAj> j ^ilSjjb A-t jAJLLm.'IJ i'j-L- j ji/ 

.Cw*»ajo ^Ai-Jjb j »ljl> a«_i jLjlxu jLS^6jli a^JjL> 

L->6i (bJ^U Jjj^O ^6 J^LLLmJj5* ^ITftjl^ob jJAj J jljV J |*Jjj J 

IS* A^ L—m.i jj 4 _) fiijbi aJ ijL^uaS^U Jj ol-b JjAJfc Jjj» JjJ UmJj_1j L&&jjAJ& 

cu^J »A^ bjL o i ^L^K.0 ^S*^- dSs->j\S dJjj}b ijAS* ^ b^cufi^ 

.jAjO jb<ij ^j&j j Jjj-0 ^ J IS* AjIjJ^J j jljV (iJftj ^Jjj» ^bj 

Aj aSL^m-o IS* A^*#o Aj> A.I ifl.Ju-JA^-o fi^AjJ^S* aJ 

C 6ji^J |juli*<Lobj-> ^ZtyJbj J J ^jl5* >A^*4*j C6^-»i 

IjAJbjjb ^L*mj I j) JJLmj&jAj ^a 5*A.JLXS* Cbwj/j>Aj ^Ajbwb jAj jLwL>j\^jbjbAj 

^jAjb aJ ^Aj jj-C C6 j jb J IjAJb) Ol^S* j->Aj ^ZsS'j i^\ b>jJjjj-JLwO ^mj b 

Jjj ^S* {jP J ^ li bo^A^* ^£A»b ^«w»Aj 1 ^ * > A^* J^u i j^j ^£A^*AJOjS* I i bl^4Jfcji^b 

^jbb-i (^ji^-cib ^Aj^jb aJ ^ykJ^A»j C^jl^jAJbj^b ^Sb-uwj AJ^ ,AjAj> 

J ijL* ^^jAJb CA_> ^J) jbfijb ^AjA^jUaS* CQ^fijA-oAS* ^A^-jb (JjjO) 


CAjlifijbb ^S*A_iAj>jL jAJfc ^jJLwQ Aj ^jbw-ji a 5* bjjj^ (^£j^S*b ^ JJJJJJ ^A.CwLIu 

aJ jAJb ^jlS*6^jAS* Aj^Lo bw^jj Li A^* 6A^bl A»k Jjft^jLwobo I JJ b-j b ^Js^ b^b 

(JjO (^jJjZ) .bjj$j£ ^A^Ai" liAjl>jb j*aJ b fijbjjjAj 

C ^ 1 lj O wJL j 6jiU j ^b^J> 1^-0 b^u^j l^^bjA^ i IT.A»*J2- i jXu 

. 6 j Ilj-yc b Li I^_^> j b Aj a 5" I^ru Ij^j cfJfi j c 6 jAj 15^6 i 


^bLoa_< ili j jjij^jb c a jjJ L_^5\il_i 4 J j L^>jJjjJ-JL-o c£ s J bb) 


0) 


CwIi_i<Li a j 4— *-<■ ^ 5'' 6 j ^ b* ^■i.i,i"ia 5' aijL-»i 4 J j ^Iwj lj aJ a5s.^JlJ 4JwM*jlj |»iU cCuj aijLo ^ .~‘- ^» -' 1 1 j 

■ ( (^ * * V) ^‘j&j , Ij^Jb jjIj j (^b-^l £j> ,^Aj^---b^4j iljb . i) . (jI5 , <i-«_iLL mjL <*-i truwj<i-i 







IjAA A&jAj £ 4 jjU 




^■^jijjlj IS* 4^,»o 4»^> ^6 j4 j libu4S* j—f jjjj j6 <»L*—»4^0j U j IS*4 j Lo>Jj^uj«»o LiIj L&6jj4Jk 
jIS"^ - fl 1 i^x-w) *L—$* ^jlv b&j ^ >jl^> j^_1 L^j^l_j jlSbjLJj j-^ c jlS**^_) ^ ~ j. 1 ^ j 

6j!j-j ^1m^> jLjjLj ^jLrfjlj j l-CL) jU^u^^S* cjLjjjL^L^ 

jLoJ_^ujj-o ^Ulj jjj . 6j*Uo l^&jft ij ji^S* ^jb^Sjjij*L& ^4^jj*>J CjlS*4_t 

jL»6j^o^^-jjS* 30 ^ jS* ^j^L> ^jIjj I<56j-b ^S* t ^jLw-Cu jlS*^ j <lul>L 

<jL-S* jj—> i * * j4 «-j c iij_$* jL wI c aSs * t < ^ i jlSbjLJj ■ - 1 )j-o t^pib ijjjC^J . 4 *) 

{£^333 ^^ZjLmujbj ^)4*_S*jJ I Jj IS*6 jjj> jjj> 4-«.jj4-k ^IjJJbjjLj 

^-o«->j4—& 6ijlj^> *L-i jj—O^S* Ii ^>3^L<«*4 ^j i ^ ^ > L&6 jj^& .^£jj6j ^\jbJo^J 

j_> jij-S* ^^L-ili ^j_)jLJoL) aSsjL»jb*U *L_*_lJlS* *lJ i ftjiLwtljiUbjjb 

(jlS^Ujj^Lfe 

j4_m,i^J 6j&ij—S* 3333 >*^f LS*L-> ^£j4^-jlS* Q^jjju) L&6jj4Jb 

Cw-jjji j4_*j<U 6j^_m. i jjJ ^4_*ob jjj ^ (Lfl^aJI jlj-^l) 6j .^j-jb jljb j ^jj6j ^bdJjjj 
jj-^> ^^SbjLj ^jV jl>p ^Ju6jJ*U J JJ^J j^Lmj^l! j 6jj*C j jljb j jlS*6jj^Lfc ^J>33i 

j4«mj 4J &jj-t jS* j^^J 4 j ^£jb-»lj 3‘* m *~ ) 33 >xl Oy^ ^^S*4^j bjI j4j 

^iLj jjj j 4jLo4j C3jj^o ^jlxj6j j C^/Jj-^ j ^jljajbjjb ^^j-^jjb jl ^Jj6jJ^Lj 
6j tjJjJ li ^L^Ji I j j aibjj-. j 15^ 4j LoJ_^uj j^o i jHj jJ 

Lwuw .> L> &£ ^ubj^£- ^LiMj\j ^£jLo {^^3^3^3 3^ \Jp Jm ^333 

^IjL) i-u^jiI j (Typhoon) (jljJjjb) jli^kll Jdj b^ ^Loj jjj 

.(Monsoon) (^jj6j 


u 
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^4—tL> 4 »j 4 * *<» *)lj ^j4—> 4_S*)* I^j4—b 4 J (}uluJjj 5^9 b b^&jj 4 J ^4Jb 3j5j^o 

^jL— j4^,«.i^b lb* ^ fiijLo ^ b j b 4 *j Cl^b&i 

(^jjbftj^-w) l^ ^^JL»->Iu A^wU ^Jjj^mt 0 4«t C(I»L>J&^ b J 4j ft^4j Lwwyy j ^j ^^bbjj^b 

^j!j—»j^4j ^ Mj^Jbj ^>j^jjL) 4«b iXuU^j ^£jb j—b* 4 jJ£j * ^ ^ oj LS ^^ 

MJ^-I !^^-k_^b ^gJ [b^ *L- fl.*-> 4^btO bj \^ +1\ j I* <5_J^> ^jlb^4^L> 

j ^Jj--o ^ 0<L^oJ> <L-S" b<Lbljl^J j^lJ lj<L-fcjjb J^bjtJibj J> j Sj^o 

4JJj^bs »V» _jLwQ<b ^jlj-jj 3jj_^o .^j^6^jj—M^b j ^jAbsb* v ,j j—> Obo jL 

l«\—>lb^4«J ^mJZi^jb J ^j«\—I U jb^|^£^w0 b—> ^ A , I 1 ^ A , . ,ii * l^J ^ 

^^jlbiJ j 6j^Lojji ^iJj\^Jj> Jjj-o *Uj£j cOlSb (iJjj-«j jLjlb*4jbj jb 6j4jbjjjj 

. LbJbjlb^j (b^bjdS ^^wob) boj^4i ^jlb^b ^ (bjbjdS ijL^/ ^^wob) boj^b 


^^-jLwOib CjjlSb_-i ^b j-j>*^43 J—i 6jb ^&jj4b ^^SbbjtLk 3j^o Ub6jj4jfe 

^£-0j5\5\ *V'j Jj—> b j 4__>jj . bl^4_kj^b ^jlb&j^b*&j j—b* ^b^^obo 

i^>j^> ^b ■9jb"'° b^Jfc . bj*^4^o 4 j 4*j 6^4*jJ£jb4j4b ^jlbfc^lbbfij 

^ ^jlb4 «_> ^Zj^jbj fcijbi ^ j^bj ^b C wO ^ ^Jwbw*4b bfi^b 

^ cjJljIjL ^jL^6jb ^ j c j-^° j i*^—^ 4 dJfij jLjljjjS^ j_» oI-l_> 

.^jlb* Jm^mCuS' J^LuJ^j ^ 6 JJ^ lS^6^ l^ *LmJ b 


j^-mj 4J ^bb cibLjlb^ C Jj!j4-JLj ^jlj4Jfejjb ^ (uLmjO j) ij^b ^-C-b^? 

cji/,Gl^j ^Ib'fi^ob ^Llfeb ^u b o^j ^jI £bj&£bj 

jj ^ (Thermometer)j.CLwoj>3^u 4^ j^j (Galileo) jJlJLS^ jLjuj&jJ' 

JL, <b ^ ( Evangelista Torricelli jLbb tLl^b ^^b ^I^j 

^b . Lbjbb Ij^ub ^I^Ij Jj ^ ( Barometer) ^ja^ojjL ^^2wob^ iT 

3j^o 4jl^L°b i 4tj ,6j4-»ljjji Jb jj ^^b*obj OJJ^ |»lj6ij^-> bb^^bLwL&b 

W 
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jLojj ^lj4J&jjb ^jIS^6jIjLj> bj^Sbj ^jjj ^Jibb^j bw*>4J& 

^jb*6j^S*6j !j^«j jj jIT j ^j^jboj I.Xm^ > Ij^ ^j&jbo ^ ^ ^^^$ 

^^^*jbj\j^3 ^jjjj^Sb JdS fcjjj ^&JJ ^^ ^Jibj jL>j4j t^Jb 'j - w l' 4j lj4Jkjjb 

*llj> ^Ij^jbjjlj ^plS^6j45^6j ^jIj2L» ^jIS*&j!,s^S* L> . Ij^j&jjb ^jil^bb^J bjjd£ 

&j^*j lS^6^ ^^jbo j (Radiosonde) -lj-mJ-oIj ^£j*^ob j ^Jm-w J Jj6 j 

^L^jO ^lj4Jbjjb jcLmj^J ^jLulj j bb Jj jjjJj 6 J^j^L»oj L 

^&j*C0^5bwIi ^Jjb^S* 'j^lJ 0^j^bbjb *>J ^6jj*b* (_^bbjj >J-mJ 

. IJlS* Ij^j&jjb ^JflS^bb 

j4—Ljji J 6j4ji^ jjjj j ji/ ailj jlS^blj jlS"bb ^6jjj bjJ ^ ^J>JjJ^J 

^jJLbub ^>ZpZ*l—>AS>Zp ^f- Lo b*L_> C i j^b 5 jLtjlS* jlS**U b ijbi jljJu ^JJj6 j->*Lj 

j (j-^b I jj I jJ (^j6j j^-mj ^4^JLm*jj jljlj^Jb ^lj4J&jjb ^jbb jjj<0 4-Jj .^pj^Sj |j4J&jjb 
^lj*LJ&jjb jj!jJo4-J (iXjjft Pp 4j ^pid^odu cC*j^Sb ^j|j4Jfcjjb ^Sb-t&j4JOj ub*>6j 

J jJj<bbjL_lj ^j—ft 6jj—> -C^J jj^jJ v l j>ASJL J L pZj^j j jjjL> ^Ij^jjb Jj ^j6j 

aib> b ^4-0jb <b" J^bjtC . i^ibj ^ISb jI^j J Ij^L&jjb ^^jjjj jljl j3 

<>^J L* bIT A * **» ) 1^ ^ ^ Lu< J Ij A^mma^J C ijLf^b 

. bbjjJ j ^mj Lwii-^ ^j 1^ 4jL**j I j ^j^-»b^j 


u 






A&jAj £ 4jjU 




♦ ^Jjj^j Jy jLwI u 4j I i c^y I^-*6 i C 6 Z33 aj l_jajb^jb 

c^jjL-f ^aJu cjj-i- L5 SbL-J Jj> j : Measured Elements dj^j 

a__> ^jba^^ayja^k a^_)|^a«S*6^ j»a*j ^ ^wL«-&. . .Jjb ^b-9,^ C |^a»& (• ^Zi C bfiwL>_y 

.C*Jjj_L»0 i jLj> 4 j O^LoLj ^^ob 

aj j^ja^_Jj a^ a_»aj|ja^6j ja^ :Derived Elements jlSdjIjiLwAJb dj^dj-Y 

uL-w i6j a_I 2 jL>jaj j c5b^5^ j ^jlS*a»w>!jajbjjb ajljbj 

dJfij Ol-L_> Jjj_>3 ^ L_)j a_> ^a_ > L a^S" bj Ij_S* L i ^Sbu A£J b_b aj Ijajb >jj b 

i ^ c3jj—^o ^6ja_»ljaj> i ^ c ^ ^jl **< ^033^ j<*Ja_kaj 

. j'UJfc ^ ^jljb ^3^333 3 <£jj^3 3 

j_> /pjljbojli'-u ai* j^jlja^oj j^j : Proxy Elements jl£d>4S dj^Sdj-Y 

j»a_) c 6^^—’ ^jb jJuja-oaJ ^JLmj ^jl^l^ajb -? aS* ^£a*j ^ m &** J 3^^3 ^*^ 3 ^ 33 ^ 3 ^j w^b 

j jL^bjfii ^yaJLb^J) jL-£ . aJjjjg aj ca^ajb ajljajbjjb aj jbjlj&au ^S^a-oJuaj_)a_j ajlja^&j 

.JCJfe j jlSbjSoji ^y^bb j (Pollens) alfSfajb ^altjSbo j Jjj*a_^ 

^jb^jjjb j__i 6j&J^Ja-o jL^S CbL w^.i 6jJajb c-5b^ jab ^yJua^-ajljajb 

r^ajli"jab jaJ c^joJ ^jjj ja-^aJ jbj 

C bj^SZm) ° jj 4 -^ jjj ^ <J^i c l^ ^ 

j^L_S" ^ajj jja t c a^_iajb b ^jb*6jb—^ajbaJ a»^^ ^6^a^_i j^ja^_» 
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\ C * £3*4^3 4_b 0 * * ^£4_Sb>Jj I j^33^ ^4—» j»*^4j C 4_) 1 * {£3^3 

C 6^j4*J dJ Lj ^JJ^J l^ m ^ Sml ** im>a m) ^ < .AS\-wI jftjjjL ^^Sm>m*++)AsJjAsJ \^ 4»k 4»^J 4»J _ Y 

6^ C 6^ {£333 3 ^ " Ul l^j ^ 6^ 4.J ^jMmtmJ ^mt*J*J *0 fi 4J& ^LrO Lj^ ^g j 4«M^ 4-> &3 333 

{£333 3 ^-tM^J ^ I S l i 4^J 4»J 4»j (C * ^ /*') LjLS^ 6 ' j ^W w 4j 

•JjO 

^4_^alj L&6jj4_k j 6 jj ^Dj4JLLm.J4j 4^ OlS*6i dJ*^fl> LfiJ j^j — t* 

(JjO l^JJJ J*—^ JJJ-> Lj-^Ji b 3 ^1^3^33^-t ^ b 3^ <£3^ U^J 4 -* 

CujJLod i 1^ ^3*3 kSbw> ^ IS*4^0 bj6 ^ ^uIj6>4j^-» 

^)4«mj4J j bj 3 J ^j^a*J l^j I ijS* L»^^-^o 4Jfe 4 j bo 4«t C I^S *6 i IS* 6 3 3 IS* ^ 33 ^ O 

-&J (JjO £333 

<l_S* (Ionosphere)b^i—^jjjjb jtS* 4 _l 4 j ^_» 4 jjj 4 _i ^j^LJb gj*-j -1 

. 4^J 4 S* 4j t^Jj-) $\j ^ 3 L> 4»> ^ ^jJjD ^- j 4«j | i^S*Jj 

Ij4_&4^j4j4j jli ^4_»U j-j ^-Jjj-^o ^y^j4_**i |j4Jbjjb ^jIS*6j4S*6j ^^Jjb45* jbj “0 

^J w»lLo Ij £ ^33^ b 3 ^u ^ftijbi ^jlS*4jbj ^.JLJ,^ ^4»j Lwo^aJ ^g4«*o 4*j Ci^j^b4»J 

bj<L*S. -mJ^£j jJ—^L»4^ <m ^°4 7m * »** > ^ *»*** ^ ^3 J^^* * * * J J ^l L^jO 

. Ij4jj ^Ii^>4j (iIjJj4Jb ( ^6j4jjjJj^L)L&6jjiL&j 









A&jAj £ iUjU 




j-L-Ljj ^ j4—) J ^jLj ^ j4j j j4j ^ j4j cfJftj ^y ^J)\£ j4j J 4S*4j Ij4j&45*j4j 
IJ^J b &£j 4») . C^wwwjb6«\—5\-w» £3^3 IS*^*.7—m.1 Jj^mJ 4j l^dbl—) 4»J <jidd*4*j 3^3 (<jbj) 

*L—> d I • jL_>j6J ^4—>.4—^«W> 4*J |^j4,& <jj«d 4«*0 ^wJjJ 

4—> ^4S*^jjj^*—>„>.<4-> j &£'i l^4jb ^Sb<o ^5 \-ww-> J .jj4^oj^Lb* 

.Cdjdbo 4b> j jL5^6jLS^ J <iJ*u*J45slj <iJ L £lj4jb4dj4j .^yj^Ssj ijjlj4-> l£jO L^ 6 


: Gases U^jll 


4—i l^jj 4^ C4*jbjL& ^jIS^6jLuj 4J& jb4j 6 j4jL^^JL» £jjj^ £jbj ^1j4Jb4^j4j 

^ >^4j C 4»WJ l«\jbj^O 4j |j4^ ijb^C- ^ C-^jL^O '£^^J ^jbj ^Jjj^J 

£H <-*—> L<»m^- i ^£4*j|^4»& 4 £ ^»4j •Uw-ui^u 6 J^33 3 ^|^4»fc /o ^ 0 4»J ^jbj 

.JLuj ^jJj-dj £ , 0 ^ 1.^ ) 4 J £^3^ ^33^j^ £^Jm^ Jb*/ Lk4jJj«d*o 

^jd£*&jl5* 4—1 lj—)j6j ^Ij4—&4 ^j4j 4—1 <iJ—^Ij4—& ( ^£&jLi 4_£ ^ X ^ ^ ^ V^4_^jp 

% 4 ,^f ArgonjjS'jb) j(%Y*,^0 Oxygen Cn^^Sjp) j(%VA,*A Nitrogen^jjub) 

.^j4_S*6i £3^3 £333 (jbj i^33^ 4^ bj^xm «J> jb45*6jj 4 j!^IS* ^o -* 4^j ( 

. jLjj j—» 4JL*«__)j_1j ^Sbjj Li' < j!L3x^S^.i^£Jj C ^oLj j jj—I j c5bj 6j 4dbjj Id" 0^>jJbb 

NeOn^jJ—J ^j5**^fb>b 6j4«w»L-o-d^ £jjj^ ^ 33u^b$ ^>4j Jj JJJ ( j^lj4Jb4^j4j 

.(\-^ ^4ul>) . Krypton j Hydrogen t^>jjJuU j Helium j 

jLjujdb^ C6jljJ_S" jb^L-^6^L-S^ j*LJb j_J ^jLS" 6 j6j 4—^ ^^LjbojJ 45b> 

C^^j4_»b Jjir 4 j 4jIj15^ |»4u • Jjj-» j jLua-wO j jJjjlS^ lj^ 

4—iljlS* 4_^ ^,/1*^ib ^jbfi^4 .—> jjlS^bl^ C lil^4Jb4d < j4j 4 J i ^^ Sm> 3^' 





A&jAj £ 4 jjU 




(• (Green House Effect) 6 ^^—^ajLwoaJ ^jjijj |»ja5* 

(ij-t^O 6j2L) ^mjL l-Lofcjji ^licUAj) IjAJbjjb ^jIjJ£ 5* AJbwo a5* 

CJ/. i j^aJ jL> a_I jj Ii^-iljl5^ jlwCLcu ^I^a^ 

bpjA cA'H lW 4 "* lS 6 j-Pj *O^A) 6 JjP-^p lSjO l£JJJ Ap^ lA^ 

^ »<» tA ^bjJj C bj \^ l—W> (^£AjLwO^J ^ jJ ^J^>Jj\j jjJ 

/o £■ jj—> (J IS*A^ 6 ^ I 11*1*1 OAj> C* * >6 ^ /o * j y 

A__) ^ £jjfJb J fiijLo I J ^jj-&A«wwf&i ^L» ^-oJA-^ . (J IT 6 J I.A-wI v ^ ^»jAS* ^^JbJ^O A^* Aj>pjAj 

bj^^bj A_1 A__tJjj A />* *o _3 l*^” 1 ^ i** 1 ^ b^ jljL> 15*A * Lj 

•(JjO lP^j cP^AAlPP 


jIXLlw ^IjAJb ^*» 15*<C l^5sl-) 

(iJ-ta«j ^IjAJfc lS*4j l^Sbo 

6jIjAA / 6jJj 

ojp- 0 /l£p 

& 

6jIjAA / 6jJj 

bjA 5 / 

j* 

v\<\ 

VAV ♦• 

j\>jJL)b 

VA,A * 

VA-Ai- 

j\>jjub 

r-,v 

Y-V- • • 


Y-^S 

r*uv 



U- • • 

jb ^<JaJ& 

•^r 

m- 

jA>b 


V • • • 


-,-rs 

ro • 

jj lj ^ 

OpA 


-,-^A 

u 

bip 

•,•••«* 

e,r 

fitA 


YY 
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*,• • -u 

Vi 

jt^-0 

•,•••’' 


OJ^J' 

•,- 0 

•,« 


♦,- 0 

♦,0 


•,.V 

•, • v 

jJlP 


6j 6 (Eagleman c > ^Ao> <d jjLf j4j ^li^olgidj ^->) 

^ r 5 " ^ |j4J& L< o j ^'6 ^j 6 » b^^j 4j Li 1^-*—' J 

dj . (Homosphere) ^ iS*bj IS* ^S*4»j 

aS* ^^jIjL»o ^4j c(Hetrosphere) £r^> ^d ^jlS*&^LS* |*«S*A * 

^b A*j 4j lj IS* ^4-t 6^5 C^jlS*^^ 6 ^ IS* i^b^b '^Jj 4 j^j 4S*6 i IS* 6 ^ IS* 

I jdJiitiSjiL) ^S* l^jdjlS*_j 4 »> . Ufc ^£jlS* ^ LjLvA^j-*"^ ^j 4 Jb 

j ^jljd i ljuLj> 4 j ^£4^jL*S* jL>jjjj 0^ ^6 ^JL9J 

•djjjp 


: jljbAwjJ 

jL> j^j^'d JL* Y 0 * id ^jdj (j^j d* d**U6ijLo (Acid Rain) jIjL*l£ 

cCujS* 6 i b ^-d d 4S* *L uj^jbj i k j mtJm *— > ^Sd»6^jL>j4««j (,b^\ ^S 

L * di * 4 1 A * 1^ i t A ,^j ^ 1 " * 1 ^^3j 5" *■ - ' ^ ^ 1 (jl^6jj^4i ^* A i i,, A .?i , t 
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j4j jjj4Jb j^JLLm.'I j5* 4j ^LmjO jJ^Lk Li Jjjj (illjlS* ij^CCuidj^L 

^5* 4*jjjJ ^jj^mJ ^£j4^»JjlS* 4*JjJ C d ^ JL* u U ^jb - ^jJ^}LS jljlj4,& Jj j LiuijL 

. ij*L*j^6 d jIS'jlJI^ j ^-oJj4Jb *L>jL> j ^y>6 iji ^ j£>jb ^ <LlZJL£-i dj 

i^Jj IS fj Lju j($sj C^jJ-SnJL) j LS*i j IT J^LJ T<*J j Lj ^jJ*L-k ^SLJj ISLJ j lj L<Lti ^j 

_> ^^ 0 U^lJ c u>jjulj -o.liLj j v,* >j\S* ^ ^ - • “ ^j 1 I j» j jJjjLS' ^ ^ - • “ ^^ * I j» 

i^jj—i *l_> 6j cdLjuj\S* jj j dLjj-»jlS^ -mi jj j-£ 6j Cwud ^ Cw^jji j^»j _j ‘^-SvJjjLS" 

j 6j4_^lS*id 4 * * /<ijj ^j —> jjj4__i h** 1 ^jIjL —> 4—>j-L 4—1 jjjjLS* ^JpL?^ 

V y 

^ ^ . ^jJ J ITij Lj jJ - 4^ ci-W* IT <w> 6 d d Lj <-Cj jj 

6j^j lj L^-£jj * .mi jj ^j I j ^<jj >ui c^. ' i ^ ^j I - L^ , . aJ jlS^^j^>Jj6i jJj 

cr’-J-^^Wj Jj* 4 -; cs-"'-° cr-’V 0 -? cs : '-^ 6 J i c#jjj»J^ J jb'aJb-jli dJuj 

a_S" ci_^j'LS" <OsJij_> Lo Jo^J>^_i ^_i Od_-b jb"^j_>'jj—— >L>jt- jjb jt.J_p 

iCwoii oU^ 1 jlS^4-w^Lo ^^->Jj olS^6i ^LjJ jlS^iL>Lj6i (^jL 

^£_0 jS^ (iJ*^L> jIjL^-Cj Jj «L^o4j C6j4 —Oj!^j> ^Jjj—J ^j. ^ — ^ ^J—& 

£**+ibjjAu ^LVjj ^jIjj^ J j15^6jIjj4^oL J Lo^/ (^JjA^JI) 


^ eld >:Lo aj a_Lj>Jj»L)Lfc ^jljJjb ^ (^JLuj4j j^) jj^j^ 5L> jlS^aj Jj *PH 
^oLo PH=7 jLj j (jJU> ^ jiaL-oaj .Co^ojsi oLo Alkalinity c? ^ij j Acidity 

^j^jiLjj V a_I Cmj JLoa_f PH ^L&a^ sj ^lj^*uJ-Ji^ ^jL-i cfJftj jL ^i Ta_i 

a__i6^aj ^ULo lift iL^o aj ph — 5 ^L&aj j j ft i V aj * ft jj a5* ^L&aj c O-*-*— j j ft i 

Co 2 • ® ph — 2^2 J) rf> < I (,^jl ^ ph — V^jV ai '^j .PH—6 ft ^pCj jL® ^ ® iCo ^. ‘w wi i jj ai' 

a_I isi JLa&£ jl5"aL>Ljft i (^jIj -H PH— 5)6 aj ju ja^aj jlS^aj ^j* aj Ij l»Lij_)6j aj 

$ "jj lj i jLj C ‘ «— i ji" ‘T jj lj i Ja^aJ olisijjj jjlia^oa_i j jj^osi jl^aj lo Ijau ph = 5 
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jb OJJiJ^jj Ji O^JJJ IAjL^><U bjA ^ l ^ S ^<L> 

L> cJ Lj ^0 6 *J b-«-kj 1^*J 

. |j4Jb*l£j4j jb jj tj IT6ibo ^6 j4jjijj (^£&j4JO ^>~A&£ jJ ^£jj 

'<Jj 0 l£JJJ ^ (jt-^ ® ^ 0) ^jIjj^L-i 4-J <UIi^rvi—IJu^ OJjjP c£ * 


jjj4_^ l 5 5LL-J (%^6) (^^JJJ 4ibj-^> (JjO ^jjj jL»j J-j jjjjp 

^ * * > 4—1 J ^6 ^^—*■!»■' 4_I . ^£^0&»U4»& ^jbj 

^ fiji^j!*Iib jj—> jlS^blj Cc<wui ^ ^jlj^^b b j\JLuj^j I^/u^/ 

4^ il^-wOftib L> Jjj 6 ^^—5 A*jj^+~a^ 

& ^lJw» o 3 cbl^^k 4 J (ClFCs) (jj£jjjJj-bjjj^lS* ^£4CL>jb ^jj^j^bj 

^4_j jlj^J J bijjp J*bb^ ^^bbjb* Ijfi i j4j 4 J <iJVl> ^jlS* 

jj—> 1 Js »7*—- ) *lJ j^Jjj ^—<-*- 1 ^-> ^pu&^L-f 


6j6j^LJjijj 4_i ^•LJib*^ ijb->j ^jjb4 j (J ^>*Lytij4 j 6j jjj4-mj 


j C ^fc ^ - 4J ^JbjJj ^yj^-Obj j j 15"£> jj-U_) j 

• ^jLj 4 J 4^J> ^mA^J CjL> 

(iJ*U.w£ilj-L&^ ^ AV ( ^Luj JLJbj-o 4 J ^jaJjfi ^jJo ^iL*oLuL£4-» ^LLm.i4j jj^b b^obulIji 

b4 j b^u cl^S"tSwLw* bJbjH ^1jj>b^t 

V f 

J jlv »*0j j^L_) jl /O/jir ( jX-oL_j^f jj . I i tjl^4^ * <L-1 *" ^ (ClFCs) V v >jb 


j Obojjj jjjJ-j ^IjLp-b b jluj^JiLj aj j 0 -^^jjJ^jjj^ ClFCs ( 

j 6 (FreOnjjj_.» ajaJujb |»aj ^ja£<Lu [£jjL 6jb .dL*ib ^JjJj (_5-° I j 6 ^ISbiSN.lj ,ja_)Lo aJiljsi 

.^jlj^>li ^Jjb aJL»si j Co >j^ijS^j Ij-Jab”aj j jjjjo ad5^6i 








A&jAj £ 4jjU 




> j^- f Cwj^ ^ ■**'l> ^^ ■ 'j<O n«j j1$^ o*U c &^^ i Jj—i jl—>j-> w> 

■ I^JU^ l^d ^^WUJ IS^Uft^^Ck/^kJ 

oil ^jLSULj 

J—)j b » >6^^—I jli' ^wLJ^JC^moU ^ O^Lw ^ 1 

Ideal) 4_*->4 jjjjc ^LujL cjISOIS* j 4 j o<u-»Ij ^LmjL 

fijL^G ^jjj olS*& i ^jLo jir ^IS^uXai iU-tlj jl j^j ^Jja j-»4_» <oLmjL c (gas law 
<lJ .(>-> ^jSL^L) .6j (M)<u_cujL j (P) j (T) L&oj ^j<L_f j (V) 

<^L_I 4_)4Jb {£j3j ^ ‘ ^ |^ i Cw^i i jj^j s J?^ . li'j f ^jLS" 

. >aSv-O ^ 

3 j-»^u4j jLS" r(Boyle laW) »jj *u ^L^L - ^ 

( C) c (PV-C) C 4 , jrQ\.^ —> *L_L> 4^ ci-w 1 IS* b j U^3 J^lS* J do jj^S *b $ (4jI^4j>oo) 

^jLoi^ ^L.Ij-1 (1^^—&) jlS* ^S* (^^jUL^o 6^S*4o6^L*o^ 

Ij^j ^SvJuLLmj^u ^jl>jji *iS*!j*u& jd£Au L> Q j jZ^Siiub j<0j-> j jlJLS* jUL c*u*l& 

6 j*LolIj5* ^**L-S* ^ ■** 1 j ^ - - 1 ^4^*4 jI* imi^j j^L-S* ^U C<djl—S*Di j»4_S* ^ ‘~ ^^ ^ (iJ^o&^^Lw—>&^ 

lSJJJ ^LToir • LJ C->lS*6i ^ Ijj ^^S*6^ L>^kJ ^ 6 ^ 

i^j^j) * **<^J ^SLo 1» <>'gU ^ ** j-£ a_S^ U*L9 ^ b^ Ij^j) k k ,mi4») {^£jbj 

b ~ bj\£ \^^J b^bjd^JJjJ b^^m^JjJ^J jdS A*j C d JJb 4^*J ^U 

. jLLmj^U 

4_t oLS"o jLt^-J Cw^6i (4 jIj4JLujIj) ^jj^Lj j^AuJub j_)*Lj ♦ jJ-jjj ^LmjLj ~Y 
j—kJ C (P = C ) OwkJj>\^JkJ> C^a5* '^mJj> J j\£ 





A&jAj £ 4jjU 




j&^ao^ji I »L«^Oj 3&i j ba_I ^-SsiJj IS" ^jl$*&^a»$* ^£&^bo^ P aj j-C J^j CdalS^O ^ b j j> 

(iJ—»j3 ^IjiLJfc *UjJ taS*6jJ6i jb ^Ijajb jcLcwciJ jLLmjcU ^jjj 6 Jjfij^jjji Ja5*aJ OlS*6i ibj 
^£jjj ^b a_l <L-> CjISs i (L)j> J 6jJ6jjj ±-)j> ^j&j <J333 aJ 

. jb^j^u ^jj-^oai" ijj-b^-) ^jO 

jIj 4: auL^b ^^l-j : (Lussac & Charles Law) jJjl> j dJLwjJ ^Ub -Y 

a_> Co*- o ja^o> ^jb-Mj^j aS* cbw» 15" C6^aolS*6i 0333 bj)\j&3 ^ 3 ^ (^^b 

a_j3oaj 6 Jj6j4j jji Jj jlS' ^*ojaS* ^ab» ^3i^Sbbj a_>Lub ^aj ^3Lt a»j .( — C ) ^Lub 

. C-wo j^Zs> jb^Mja-j aj 015*6 i bo ^jlS* ^a-oL^jj jaj ^3 jjj aJjajaj jji ^jjb 

^aa»w0ja5^ab> ^ jb£* ^jb—Mja») ^jl^jL> ^Jj^^-»ao »(Charles Law) jJjL> ^b^b — £- 

P 

a^S* ^^L-ibbo j^» caoajl^aa.T_.<,<lj ^S'a_i M L)d^- , a«j * — C _ ^L-*.^b ^uO 6^aolS*6i 0333 

^Jjba-j obS^o j L_> ; ^a^a^ojai" ^a_b ob$b ib-»j ^L-S^5 j b" ja_^aJ Ll>^ aj 6-\ja^>jajb 
^Sbo b—^au ^jb>jji a_£* ^ao I jajb jaJ ab&jlb ^Ibaijab ^aJj^> j ^j^jibj 

. <jjjL> j&Oj* &jba3 a.) OOZub $ 6j^aS* 

tjll 

l^jO ^p bl i- JLS *lj ^ja_^ojlS^ ^jb>jji Ijajb jb ^ajd>j Ijaj^aSjaj ^Ib&jlb 

^1 j-bjo ^ ^j6j ja_Mj a^oba ^ b—*.<■'aj Ij^_& . a_>jjb ^So 33 a *7* ^^ a^o^j 

c I^a^;;^jl^> jja_*o cfJao aJ » ^jaJ^ ^aSbjj bjO ^333 b ^a_MiaJ l^ajb ^jbwaj 
a_I 6^1^a—iaibu (hectopascal) ^ V 1 * a^ a»> b aS^aj ^iLa^oaj 

Owj 6 i . Ija_jb jjL^ai Lp j— 1 1 ^^ b-^a5^ ^3 b* a^^Luoj j Ijaj^jjb ^3 b* aJL^o IJ 





A&jAj £ 4jjU 




L 4«_)iLk IT ^'Lui lj b J^O 4Jb j 4_mj aj ^jiL-Ss-)j Ij^LJb ^jILuJ^J tfL-S^ ^jjdSsJ ijpjbjdu Jj fijLob 

• (^->4^6 i L* IxL)IS* 4»u»*M»s j 4->*^f^ ^ 


: Aerosols (uul^w) jLSdli^ 


L lSj-^ 6 i j—> <*—I J —~^-> <*-1 jij (_^riy. I jij j IS" ^jjj (_^^ 6 jL^3 3M j° 

♦ 4»t4«& (^^4.3^ • I ^ l^j4Jb 1I^J4Jb ^S* S3J ^j4j ^ i bo 4 J 4 - w» b j jj 4*S* 

j cftJLolj *L_> (jlu j4_j C 6j*L_^Iji 5 ij^b bljtfLJbtfb" j4j 4»J fijbfiJ-Jjj ^jJ&4j tjjJjjdJ ~) 

. ^ 4^ 6^ J dyj ^jlJjj jli'^ j4U fiibo ^* t —’ 

^fi^Ljf^b ^ ^jb-Mj^li b^-M-i ^jj-&4j4^* d^uJbj ^S*4—t&ibo (Soot) (^-»^-cu) j Lwfl4jJ^ — Y 

• CwJt • Cmjj^ 6 j4j IS*4j ISjjj ^ 4jl^^lS* 

fijLfij-Jjj ^jj&*L_t (Micro organisms) dJ>>^-> ^jjjiL>j ^JjuLS* j jp - t* 

. |^4Jb4^j4»j jb JjJ I^S*6 i 

6j4_»jjj b Ij^jb 4 J ^ISbjjSbo :(Salt) jIS*<ujj> -£ 

4_j 4_t4*S*4«t,j^^ ^£4_Ijj^j& i ^6j4«_)bo ^ ^L—> ^4 _jC j+J4—&4j ^^*oL^4»j ^u->^4»j C^jlS*4»tjb 

. blj4jb <iJ ^jlj^il jJ*l& 

. 4^-dbw >4 j4j^ JjJ bjdSs-ijjj 4^ bl^4^4.^j4»j 4^ ^p-O IS* 4.3^ ^6^4*jbo ^£&^jbo 

od4^ ^ 6^4 jji^j^^j ^dSs-)j 4 J ^jj^o6jJ4-k ^Sdwp p 4 J (jjbV Cj^4«*j^S*) JJ5J ^Sdw^ ' 4^ 
^bj4_*o ^fij4Jo^S* j*4^ ^JJ&4jCoD i ^ Ij4Jb jb i ^jl^4jlL> Ubfijj4Jb 4u U^i 

4—b|^j6i^4S^ 4^jc^www^. 1 6^6 ^ ljuli'lSL.j4J 6^4JLwu. J I^S* -9 0^^^ 





A&jAj £ iUjU 




jjj l«-^j^jjj^i Sb-^>jb j ^pLLj ^>jb^J ^ ^»4j c^jo jlS*a^ jljjJj 

. djcCwUd i 

Lo L £‘*—b ^6 j*LJjjJ |»J—’ jj^ l£ 6 JJJ J'*-’ c _^->j^J^ 

J_t 6j4 CCiD ^jjcU j OLS'fi i ib_tj <iL_^OjjCjoAo ^J—> 4—^ di-dolS* ^jA w)Ij*L) (^j6j (^JJJ 

^jboj 6 j 4- J - O jj yLj ^jlS*&jjjOj- , ^CJ &«Aj4 - j>j4Jb 6^j! ijpjbjdu ^*«wCo i b^bjdmj ^li^CL^ 
JjJjLLu ^^SjjJ <^0 4j j__» jLoiLjjjj C^4^*Ujj45bljlS* JJ—> ib-lj J*L-SW 6J^LjCCCwOfi i 

j ioLo 4 Jjjj b<LuL>jb jaJ c Ijujjj CruwJb ^ ^/ V^ 0 4 J ai" <u (Pinatobo) 

JJJ ^-^JO <• DjiUjjJjjiU jldf^b Jj * ^jljjiU b (CoJ\S^ ^J- w j T jplj.S) ^JiUobiU 

o4o Cd^4_obo cibbL-. Jj*L-> Jj—> ^ 6j4->J^J^b IJjL^» o> wCo 

l£J 6 J Lr°J^ J ^ cS^J^ OJJjP L$J^ C^JJ-T 0 ^ lSJM 5 

talj4—& 4_I jjo jo<0* ^6 j4j jjJj^b jlS^blj 4 oJj .(CbJLuj Jj*L> b*Lk ^*lb * , 0 

^bo^4_S* ^^L-b *Lobo4Jo i cPb° ^jO (jlj^jjb ^ 

^bo^^S* ^bo 0^0 

Jjb^ 4-J 4_j4Jb Jjjj ^ bljajbaJ jjPjj<C ^->jbb .(<uCijJI) 6jaCj^j 

. bb-M^ t jS^ ^ jb 4oJjJ i 4^ cib-^jb iCww>& ^ (• 

b ^J^JJ^JJ^ ^ (^bo^JL>j^4ib 

. ( ^ — ^ ^ ^Jj^ * ^J^J I LC/4j |»4o 1 jjj o^ofi ^ ^pj^j I ^ 

jj 4 jLjoJ^:/ j Ijajb^ao : The Tropospherej^jjjjj-^ 

(^^L-b . (Tropopause)jjjjjj^j b &^^jCL>6 i^jjj ^Jj^° b^^J 






A&jAj £ iUjU 




j I jjbj ^ \ i 4»_t •^j+> 0 6 j\^sdS 

.jtX—Mjj ^jj&j 6 ^pL»j jjjUb ^ <L*j\jjA*j cCojJ^fti ^b ^lS*4jjb 

*lJ ^—\-.^ ^j lS*4j>j b^J *\ — 0 4 J IT64J> 4j>jb4»I ^£4^*4 «w> I^j4j 

^j^lS ^^l-L ^jJS^lJ *l_> Jjj—jjjj^j .c*Jbo (♦—^ *(jlr-S^p j (p—^ ^ ^ 0) jlj—p 

. 6^4—tb*6ib^ jtULm j j^j I C i 

^6j4jj4j 4J L> C6j4^j^5^6i |j4Jfc*bj4j jb ^lj4Jb XA * j ^jlS*bj> jj^o4Jb j^JUmjjjJj 
J oUW Olifcijjj Lj ^jlS*<L^jjb Ojbi £*m£ AujJ C*JjS*0 ^>^l 1 jb jj^oJjb 

•f j 4 -* j (bbj j > j ^ j Oj^ j y 4 ^ 


r* 





A&jAj £ iUjU 




cii->Jj«Lk bj i 4j Lo ^aSu I iS "(^ — ^) ^b^mM 


(Eaglemanl985 ) d*JjSm*jb b lijljL*J> ^Zj^jbj 


i L) bo ^^_i L^i bS* b ^ ^ /L^ ^ j 0 ^ I j^^mJ &J bo^^S* ^^lLj I i 

4—^* <LJ ^b^^J33 <5 ^—’ <«—*bS*6i U 



^JjJjiL—'jlj £L-> olifii liOj j C*- j >jJ6 ^ I ^ JJJJ ^^^SsjJ-Jfijb O j\JLmijj^Jj l&6jj*LJb • l£jO 


J^L—I ^JJ^—I iLJw-iO QjJ^Jb^J . OwODi 3 ^j-0 S-LwJiLk J J ^Sblw^J 


ijL-t*i j bjbj^M J—i &j*LJ^L»6i jj*L-» jL-^Ij C&jbujj bj^jjbj i^jjj^u dS ^iUlj<AJb 

I^JJ^—* J—lj lj<iLjS5 ^Jb ^^L_Lj *L—>jjJ ^C-JO J b^^mjb $ 5LrW> 


























A&jAj £ 4 jjU 




i^JJJ 4_S' ciJ-JLjlS' Oliftijjj jj^4^o4j ^4j!j4j*JL» . Ii6j6j4_uj ^1j4Jfc jl> 4 J bjAjZSZ~ab i 
j-ji ijl—^ bjd^—tjbj ^Sjjj 1 4S' IjL (jj^> ^j cXo Ij^u^-»!i) 


.^j4->6j&j4«wj 4 J ^4«t!j4Jfc j4j C*wu6i 


(JI» J~fj • Jfl. 3 —< «i<jp I JU*I ^ww_> :The Stratosphere -r 

^ * * > ^-> c b j*—S'0 * 4_I (Stratopause)jjjpl j^u> j ^^ 

4 J ^ 4*_) I i^gLi.*_> <£ ^ 4^uj^> ^<w«oj—MjLfii » 

i L—> i^j I i j\JL*jj^j I*lJ !^j 4 Jk ^•*o^ 4 S' ^aJu . 4 _ ) l^ 4 JLc> ^» 4 j cS^- 9 ^Ib !^j 4 Jb ^ /o ^ S 5 S 

4_J ^jJm-wo^^-S' ^^lLj tb ^^-»^-»I( j JLmj) b^& 

^ *V» » ) 4—1 <iJ4—> j— o. J 4»& 4—> ^ V << OaJ <£L_S' bjbjH j IS' jlSjJ* I i jJj—> j^j I J’Umi 

• 6 j^jO lSjj j ^ \Jj1j* ^.^JLj j jj^ 


(jt-S'o ♦) J ^>^0 :The Mesosphere j^^-w^Ll^ -r 

Cuj^-xob ^ja_f ^aJu b4j^> j»*J .6 j4I1jo jjji (^ A 4 ) Mesopause jjjj^wo baj* 

. ^J^bj ^ jA<J jJ LmJ 4 - <«rfJ> j»4*J ^ * — )4*J IS'6 i ^ 

6J 6 (jt—S'A * > jjjjj^ ^ :The Thermosphere ^Ju-^ - i 

4-Jjjbj ^GlS'fii b*Ub bj^SZub^jj^j Lj j (j*^ * *) b*Ufc 6j4Jwu6 

^jlS'fiij^-S' ^j4—»V I j^—> «**— i^JJJ ^-> ^ * * * ) 

3 ( ^jlS' tj^> ^ 6 ^muj b ^jlS'fijlS' 4 JL«j>j^/oL ^ 

i^£b ji * /ii ^4 iMib jLS'fi jlS' !«l_ a&S ^aS' 41 <. > ^ ^>4>J ^*^ 4^1 . ^u I jS j j • ■' L-S' 

. L& ^jb-o.b' ^ 4«j4«o^ b 4.S' ^j4^ Iib4^ta ^—> 






A&jAj £ 4 jjU 




1 cJ^L—oLij—> .6^1 lj—wlj ^w—) (Ionosphere) jtulm. i ^j^->L> ^^w-> 4j ^Lw^> ^ 

dJfi j ^IS^L-Uj ^ j4jlj4»Sbl<4Jb J *U4Jb ^sJj_) Lj ^Jj*U*U-»b ^ C«0^6 i 

* l£J^ J 

^Lc-b <lJ ,jj6j <bbwL^> : The Exosphere^uM^iLu -o 

l —m ^ ^15'^j^b b^«« i> ^*l_ 1 • b*d^bj> (Lc-b . )6^6j6i 

J_» cA-*^_JJJ J ^pL^JiLJb J_» (jIujiL-J C iUajb (*\ * ♦ — 0 ♦ ♦ ) jJ ^jLj ^jIjj^U Jj 6 jdj 

Lr^“^b^ <Jj~^ -3 jb*^ <JJ b J j < ^^J>> C6 j 6 j 6 ^ ^b^b 

6 lwL>4^* bjb^^j »Lf6^b 

• ;» Jj-wLw£ ^ (jrU>^j»U Lb IS' <b d L^$b»j<jLww* 









f ggjMf 


•• 



•• 


V A PI I a 

3 _U_jr 


(JxL^jUL 


f- 
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S. 




J^>C__a) J . (JLJ_) I J 


J 


<T 

j j <U t£jL* j jU^J 4^b ^ ) 

(jjLiiA ^ij^j^jjj 
























6j6jj_> 4_1 ^j6j ^JJJ 4_S" j4_j ^ ( %^,^A) jj-o*L& 

j 6j4-jlj45bl4J& j oJ<L& ^jb(J-^JJ-^ J b Ij4jb45j4-t 4 j ^jjjjjiL^j 

jOOjjj I-L-»j6j j \jd _ &4bj4j -L-US* ^*LJ>b ZjjJbj j4j jj^o4Jb .fij^jjjJjLL 

jjjL^ L^ 6^4j ^Oj c£j“? 'Oj^^jbj J>> JJJ L^Oj ^ jb^&JJ 

L^JJJ j^—j-J ^^j^>^\j Jj bj^S^j^>j\j^J ^gbjAjjjjj\Jj 4JCuO i^£jbj l£JJJ 

. !«Lblj4J&45j4»j j (^J&J 

bj^ujJjj^b^ bjj Ijl_> 4 jLwoJ ^ :Conduction j-Ub4l 

bj 15*6 i^£b^*J 6 i bo ^jb fcibo 

jb <iJftj jl£b«j4^o4bli C6 jj ^^jJjb^b Jj ^jjlb^bub 6ibo 4 J jlbljjlb .jISnJ bjdS^l L> 

4_) 6jj ^bjdJ^jj+i Ijb I i 6 j . I Jj Jj b^b ^jj lb 4 j I jb J IjV <iJ^-»6 i Ij b b i Lo 4 J |j4Jb j 

i I i l^a^L-k 4__l 4*1 4*lj^j 4 *jJ£j j^jj^ ^S" {jJo\->aS 

^bj^L) 4_S* ^4_S*lj4 .b j <^j&j (^JJJ J^b^J J£>j4JL«Jj 6jj ^6j4 J L lJ lj$* Jj aSsJjZ' jjj ^*^4*) 
6jj 1&6jj*LJ& cC*—ba i j-Lbb4b 4*> bj^jjbj ^JJJ Aj 6jL*!jj 45* ^*ulj4Jb j4j .6jL^jj 

t^£jbj ^j4^jL^j C 6 ^ 5 ^Loji 6 ^ 6 ^!^^ jbj^j !,AS*1^4J &^4j.«bb45* ^£jJk 4 j 

.Cbob j*bjjj 

^L-j6jj ^j^jjjj Convection :( ^^LlLo/<^ ) -T 

<iJfij ij* 1 ^-' C6j4_w>jb ^iljb 4 j Ob&ilSbjj 45^ 6j45sjJj6jb ^45sjj4J 

4-J Ij 5* 6 i ^jJ'jSbliUb 4 j 6jj . |j4Jb j jb <iJfij <5 j*U ^jJb^j bjj ^bj^JJiuj \^ 

*S JLJ, Lj^x} 4—& ,jjb j-S" .^j ^SsbJbj.^ jj (iib-ibj-CuiiJ b$jd£ (iJbJ^oj5^ 1j5* ^a5vjj 

LS"d ^ gL-^gb* cit * > IT b'^Lo^j_) ^Sbww» *ji ctbww) j> * 4 J 6^4 <. ij I d » & 








jbj4_jjjj6i 4_1 jLjj-j> 4 _j^j Cjbj4_i ^45 nJLjj 4J {jj JLajaS bJubj\j j4j ^jIS*Oj4^ 
^bj^mJ bj^j ^J ^ D 5^ <• ‘‘ { J)' ij^JwUfi ^ JJ^J J O—-<—)i i 

^pw-s^b-jL^ .A^6 ^Lmj jbjA*J A**AjAS CwOD • ^ I 1^^ 

CwJft i bj^^» ww» 4_S* ^4«_)|j4»& j^U CXuO jhj^ <S^J3 ^jl5*4 j ^£j&j ^£jijj 

4_J 6j^ 4^_IjJ> 6jjjJ> j*^> .bjA^Jj^bS ijL*f ^£^j4Jb ^ bjbj^Jj Jjj bjdSZmtb 

. bjdS^>jj\j£b 5 !i lj4J&j jb 


^jlS" jjij4j&4j 6 jj ^bjdjjLuj I45* ^jLo6j4j ^ww-1j tRsdistion 1 . b^u — T 

4_» 6jj ^6j4JLL-mjI^5* ^*^4j C4»)4Jb (iijj4jiU^ jb (iljJjfijb 4 j jJ^S sJ4Jb j jjjb45* 

b^^J I I ^5^ b^ &^4j l»obb<—w> ^£jjb4__) bj^ • O I • & J I i /A ■ 11 .**^ j A 1 S^A * 1 1^. , < 

dojis' ^50^ cc^b ^j 45* fijjfcjb j4j Ij4j C lj4Jb j jb dJfij ^jjjj ^^Sbjjfcjb ^a5sjj^l! 


J Jj—I 0^4_OjJ 1 ^ 6 ^ 6^j4j »^L) b^bj^^ 4^ l km p j bj^ C 6^5 1^5*6 ^ i^^jb ^j4—t 

• CjliO C wO <^4,1 dSs.jj ^jbo4Jk4j ^45* ^J3 ^ ctbw^ ' gU j ^ |^4-&45 *j4j ^£4jLwo4J 


^jJLmUJ 4.5 jjb-wO^^-5^ ^^lLj 45^ ^^*jb^j ^4 „) b 5 b^^j\^^m*Mm>^)^J b 

IJ 1 jDj ^0 4 V > < > < . <' ^-1 6^4 * ) ^ b 5 4*jb-Cu ^4«j o4j . 6 V VV^ — ) 

^4—L ^4-J4j j4j . bjd£dS^*L*J ^^Jju>.j4jb ^4 jLwo4J ^p^b^jbj 4-»6jj j4j .j4Jb 

I^jbo^-&4*j l^4^_» 4^-*-)j ^£dSj ^4^4**_w0^4S* 

5 4_1 &b^j ^4^tfLw0j4^ ^£4»b 4^ ^4 j4j ^j4 —> -? t^u^bSjbj 

^£4«j4«j ^4«j C 4 ^mj 4«j|^4j>o—) ♦ (w<w * jS* 6 ^ {£j^3 bj L^uii i4»J l^4«j 

^6j4—I ^jL—j»j o>i 1 jS*6 b ^j4—^ 4^bw»j 4_1 L^u o4_^ ^4—^4«ww0^4^ ^4,b 

.Olifii L ^w6i4j4i" 


ro 











^A_LtAj Cdu—> dbuAj jAJfc ^fcjAjlj^JLd J jJ CjLoJdijj ^j^LJLew (^LewL ^u<L) 

A__) O* L —£b ^ iL_)j Aj I iV ■"*■ ■ ' ^ ^ ^^wwJj^J - *■■ -■■ — -'^L 1 * ^ 

6^jLtj ^6J Aj Ijl^JL-p JLqj^S ^jiL_J .(Y“^ ^jSL-^iIj) <dS*AjAj ^^L-L ^GjAjJ^JjjAj 

JjJL dS\j^J> ‘•^Jbj ^ b^ Aj I.aSs.A.*^*-’aJ 5 jjj^> ^ jj M L j)^ j *Ujj • ijLew ^Sbo Aj aJ 

A A) (JjO jA5* ^Ab ^ 6 ,pbj ^ * * * L^^^tLP) jJ> jAS* 

jljLo- ^j-Jj j ^bjLZj j<LujdJ j (g /^S ¥ .) ^^bjjj ^jl^l>iL) dLb J 

^Jj -»^—mi jiji ^jlj^ * * ^6 ^L-»o (length wave) Jj£->a— d <S ^“♦ 6ja v >jj l^S*6j 

^jtL -L ^j^j^jJjAjaj oLS"o -0 ^Ij^aJj.* 

jL> ci—w^-3 »aJ >jfi ^ ( m ^ Sm *^‘ *~* '* * ^■|j£- , A«*ew (^^ 7 —»(V* — ^ Li) &£ Aj4*J 

f d 1 ^ s\jA^ 

»aJ b^^j>jb ~ AJj^jA-ew 

j '^m^ J>S . .» * * L> • d^d jj LeW 

<>-LJp ^j—> 

j (short wave) o jj—^ 

^l —- i #**—j 

^ A i >*^fA > C^A ^bwOjA^* 

^«*oJj ^JjJbAj (long wave)6^-»^i ^jjj-»Adw 6 J\mA&£ ^A^*A»eJj^ C*e»J>& aJ ^A^bed-t 

OJJJ — 1 (J^T 1 (^ _ ^) * JJ— > ^bo j*L-£* ^*L-Lj J^L-^ J ijjl j^L^Aj ^*L-£*LojAS* ^*L-Lj 

^jl^»wjA_l LjA_$*A»w^j-^ ^ A«$* CeC>d ^ (ji»b^jA_ew Aj JJ^ aJ <ji-ew»eJ ^ /o \ £) ^ A^«JJj A^d^ AJ IS^d ^ 

.(jjjSbLo jJ^eLo dJiUAj AjL^Aj db^jA^o) Ajj^SLjLo ( Y , C - * , Y C ) 



n 



















(wines law> ^LX Lr ^j a_> 

jJ—> ^Oj l£^JJJ ^ (T~\ c£J^-^Lj) 

d <4_)J^> C4 -JJj^jLo * ? 0 
. CCj^““^ ^Jj^J AiC ^ ».* «. ) ^L.) 6^1 J_^4lij J> 

<JjO (JOj l£ a —^13 j**^—^ 


^5Llu 6^1 j^)L> (• &j^^sm> L^o 

A tj J C^C— rw>i i ^A t . 

Cd_>OjO 6j4_->j6j<J 4_S" ^a5s >t* d 

6^jLj jL> C. * *.m*. o jjL*J^Jji 

t Solar Radiation ^jjp' ^JjdJLtSXu 

^j^LC- J o^j v^£jbj 6^1 jjCLkjlS*4»j jj$> 

O LS'i i 0j4«J Lj j ljA»JbJJ Lj 4—) ^jjLwO j 5*gL>4o j AjIjAJbA^jA.) IS* cLwCCCj j-mj fcjli^S* jj^o Ajb 

^£6^JL-cu j^— mj^J ^ Cw.J>6 i jj^—» Jijj ‘&**Jj->^J jjj-^ ***' '*~ 

jjj jLdlS*Jjj<X X* (Electromagnetic Spectrum) < ^^Lf J -ojjli' ^SX-J 

j-> (X- rays) L5 SX-d j (Gamma rays) IX ^^SXj Xj aj 
(CJX j >/\ * X 0,1) <L_f X* Cd_>6 ijfti f^^dubjj bjd*£ujj>A J . ^jJ-olj 

J ^jl j^L^j ^jaj ^»*V4 j . 0j4«jlifi^ cidLrw* IaS* ^j^m . 1 lj Lj aS* Coj-wJ«-/3 4^ 5 ^ 

. Ci-wC^U ^Jj^t-lj &£ C<w>lS*&i ^^*J (|» IS* L*«J 

. Cojjft ^ AwO^L^ ^Jj^J»*o ^ 0 * L*o Lj J 4o 15*5 i cfJ^JA j 3 L^o^J 


rv 
















J&Lj J 6 jJJ 




• (Y'-Y) jLJjjaJb JJ^ Lj^^ r 1 


jjjf Jjj^LJb :Ultraviolet Radiation ^ ySb L u 


.<u 


^ bo IS* Jw^J Lwlu £6 OjL^*" 1 ^ 0 * } £> 



^JdJJLcu^ 

col_S"o 

a ^ 

Isr 1 lT^* 
^_>b>jO 

lSjO 

^ 


Jj—f L-& a^_t jLjj l-L-iA^^LwOtfL$^ |»*^f^-i . ^»>a*j jjj 

^ jhj^ 1 &£ <jJ»*—»IS* ^j^-jLj a») Cc^- i j^J _jAj jiJIj IS* ^S*a*j&^ bo 

L_& ja*_£*a*j 3 j^*o j^ 1 6-L>4^oiju-Mj a5bw-o |>^J |>*^^-» C I ij3.J b aj O-o 

.C*J j<*Sj<L> j4j jIjI^Ij j jbjba.) ^ Jj^ l£J*^ lT^ ^ J C5^^ 6 J^° J* 

















































j 6j4-jIjlo^6j jUljj ^jL> :Visible Light (H -Y 

^ 4n„>,i ^ 4»i4nl>*,i ^ 4^)4^ bj£s> LS*^ 

-•>*•) oLj-P ^jU* *&j4j1^oL> J J «*j0 

jL-Li^jj_jji <L_S* 4*_t4Jb jLsJL)J> ^jIj-S* ^JjL-ii i jIS*45sj6j jj-*4Jb .4jj^Sv-»Lo (♦ , V 

C(^ ~ V^ dJL±L >) (jL<J dJ^->d*uj 

4^_$* ^Lo4j 4*jl^»J6^ ^4* > 4_& 4.S* 4»t j j 6^4*j^j^^j 

. <W«W-W-^(5 -\5s-W» ^ l%f,o ^C^wwwwO Ui P 


Jjj4^ Jjjji 

C^J&j 

Jjj4^ jjPji 

C^J6j 

0.6 < jj 0.55 

^jO 

0.45 < jj 0.4 


0.65 < jj 0.6 


0.5 <i,0.45 

JUai 

0.7 < jj 0.65 


0.55 < jj 0 ,5 

JJ^ 


(Ojj^Lo ) oWi^ jLr^ L^-^lP 0 “^) 

j 6 jj_> ^zSsJi^p : Infra red Radiation ()jj>^ >Jj -H 


6 .A^_W> ( km ^ ^ mkMm ^ {£ ^ ^ * 4— > ^ OX^^ 0 (£ 4 >^) ol^ ^ 

4»_)Ij4j ^4_* L*Oj4»5^ ^£4»Lj ^jjj4j i 4«5 sj^-> Cd^l j-mjL> ^S\.P^w<—< 4_) ^ 

. ljjLjL»j-oJ4Jb ^j IS* 4 J 


OjL^ ta ” , ^“^ 0 1 ^Jj^J4nili4»1 4*S* ^j4«tl^4«j wODi 4.S* ( m ^ s **** “ ) <£j^ ^4*jL^/4*j ^j4«j ^»*V4j 

4_1 -»4_S* jJjj * ;: 4_> iO\->^_> s j—^" b i Ij V *-* ■ * ■ ' 4«_j L»o 4»j C i 

. ^j4*jL> 4*J 4**o4»S* j^jjj ^ t M^> L> Lk&^j4^k 
















:Solar Constant jjp* 6 j 3 ^^ &jAJ\J&Lu 


li^l^ (^^Lo L^O J3 {£ (jl-ULo) aLw>^ JJ^“ ^SSjfi^ ^6^4j li 

{£ l^^— jA*J ^4jJ|J|^ ^ ^jb 

I ^jjj ^ u ^^ i*^ 1 * ^^-j3"^ -? j jjdjLwoLo 6^ Co 

^4*j (^JO^ ^ 4^i J 1^5 4»j j»4«t j-wJ«^o4^6 i ( j»/<*l4 ^ V"* V * U ciJ^J 

.£*ajj£b i ^4S* ^4S* 

V 

: Ij4A4£j4j j jji- ^AjL^&Lu j!^ ^^SyJjLS 


6^4_*,t^6^ (^JL90 jt—^ ^ 0 * 4_»IS^4 j lj4»Jb c«*-c>6 i bjbjj^ 4*J4^* 

Cw^O jhj-^ ^4»mj^J Ij4jb4^j4u ^£j4^*jjlS* b^^J Cc^liU <w«wj 6 i4»J ^^^Ii4»j 

j4_uj 4^l^j ^£6 j4j ( jlJLt Oli4j CXmj6^4J ^4^Sjj ^6j«J ^4 ^jJj ^JZujj> ^^s+L+3 .OlSS«C-> 

J — bj-jj'^i J Crtj —^ lt’JJ—^ ^—4*J ^4-o4j c^jfij ^JJj 

. 6j|j4J&45j4j jL> ^£jj4Jbj dSl>j ^jlSSjlS* ^jlS^4j 6 j4jIj4^J4J& 


Absorption i 


4_1 <£^J3 jj—’ 6j4 * »*» i* iLS*»~*—* * 4j d^jb ^6j4 * * .miI^S* 

^*^4_i C 6 j4-JojjIj 5S i IjuL^Jj 4_J 6 j4j|j 5CJL^J .jjcUft-LU !jjLL-> ^4 j^L*i j4j jL jlSSjlS* 

• Cl^liO C^ 1 6 ^4»1 ^ 4^ ci-w w ^Li 4«j ^4«j 6^4 *j|^j|^S* I-Lo4^o4j«^i |^4»& 4»J Lkj4S*4*j 


j %> Y 4 »^*j^j ^ JLci4*j 4^ ^^LMjfijj4Jb j^jjj4j jjjdjb J 

<£j-{ J lAj-^0 L5^^ LSti^ ^ |*^ J ^Ljj j*4j ^L^4 j CClL> 6 i jJ> ^j5" 

CCo6jJ4Jb ^j^^ujj^Jbj ^4™)j)jj (J 1 ^J^ 1 .j^4Jb 

jiuJ 00^ 1 J ' J^.j >*<« * * 4_l (jj»wu4j ^ 1_‘ ^UjjiLJb ^ l^ ^ ^ J-> j»*^4») 


£ * 









j^— ^ 4_1 Lj jl jj-^o ^jj^> Jk ***,*~ .Jj_>3 6jj4j& ^j6j ^JJJ ^ 

. 5^4j \j& J^ 4j ^^Lm. ' 6i« L y ^J 4»fe ^ I^4-&4 ^j4j 

Scattering 

c yj^jj4_*p ^LS" aj CJoO j ,jjb^ ^J^J J■* JJJ 

j bjbJjj ^&j4*Jj^j^jji ^J—& 4*J^Lt6i45* bjbjjDjj^Jj j Ij^LJb ^JJfciL-» li !j*LJb45j*U *U 

J jL^ .^->^oIl^ j &j4jlj^iOa^ Ol5"o ^^jLj ^j-pjj ^jL>JJ^ 

4_&4j *?* ■* > (6^4^_0^ <^4j4^_i) jUjJ I i I^j4,&4^ , j4*j 4*J 6ibo 

4—>4Jb ^4 j1j4j>iJL> ^5*4—>Jj6J-)^U JJJ ^<1J ^0j4jJ jJJ^b . (i“ Y^o^_ji) 4-t4Jb IJjIS^cCLmjIjIj 
(4_tjj5* <iJ4»jol^b (jroli Jw<—< C !j5\»JLw> ^J^j4_mi ^ 4^4.1 

cA>jjbLj j {jy**M*SJj (iJfij Ij*LJ& 4_*ijjjJ J_I . 6yLj JJ— ^ 4*J jL> ^ * 

^j4-«w»Ij 4_i) Jjj-»4_£i ^-jOCJj4«_) 4 J L> ^ 4^jijJ>u ^jL»6jLi43 

. Q^^4-cu_j4*j6^ (jroli <^\Jb j 



^b j4j15\ 6j 4 *>jj^j^-i 

IS" 4_J jJj4»J JJ-> ^SbwLo 

li (jjp_^j4_j jjb J jl$*&jlS*) lj4Jb 
4 ^_^Jj 6J OjLji 4—I J,—mj^jj4j 
^j*^4_&jJ> (Jil) (iJfij jlS*&jljJ«u 
J jj^IjLjjJ^ 

-jjJj 4^J4^ j jt ^i j 




IjjIS*4 »JLo L-t*f bjjj 4_I jL^L ^jljL<-£/ lijjjj 4 J i^JJJ ^bjdujjJj^hj 

4_$* t^£dubj Lo ^4-t ^J^4j Ooj45*6 ijft i JJJ -M ' 1 
















aS* A^*& jj^ — 1 gQs *f < * ^ A^*A. >b ^jj-&AJwo5 i ^ Cu^ A^*gQs .^w* 

CC*jjA_£*& ijfi i ^g-wu Aj ^jldf^b C*wLi jjAJb didjlS* L&&jjAJ& . fijAjCLdwO&i GjAdljOj^b 

^JJb*L_) i 6j*LJjjjj^b ^jb^jji ^^SsjcLMjjUb Aj jJLu A5bjLd jj^oJJb a£*j j> 

jjjZ—h. i Aj ^jjA_i to ^^A—i KoX^"*^ 0 ^ * L^ 6 J!H) d^jjJ>u (^AjjJi ^JA^jb Aj jb ^jb 

. Ij-tjbAj dlJLd ^->jjjjA-JIjAj ObblSOj *£sjj> C6^1j cSsj&j 

^jbJujj j6j*L_> jb*L_>jjj j CJuO jJ> ( m ^ S m * *l P <J 0/ ° ^ 

j 0—^ JJjO J&jA—i fcj&jJj^b A$bjLd jAj ^ %YV / ^A^bjJj (C L^) jLf^b 

^a__I a * * * jj &^ <^^_wwwwo & ^ ) (.(Diffuse Radiation) *d^^b *7* ..* > a__> 

^_tA»& ijry—o J£-j mi ^S\... ^ > ^^3^3 Ajl£*6i aJ aS* \j 

. ljjlS*Ajl>AJb j JLo jbA-I ^jA*-tb 

: Atmospheric Reflection ) ^SijJdj <j6j4Jlj4£l4A 



(JJ, . * * Iaj) 6jA-^>ljA5blAJb ^A Sblj5*jLfc 
^jjM* cP>5j ^ 4 “i* -‘Albedo 

aJ ^jLf^b ^jLcuJjj Jjj fc^ljA^jAJb Jjj->A«d 

•(JjO l^jjjj^—^ a —f jj ZA - j a£ <jj-^ 

A_S* 6^l^bj> bfi^AJ aJ ^jAjIjA^JaJ^ 

. AjAJdJjb jJaj Aj IgJAj dbJLj ^&jAjljA$btAJfc 

a-S' 6jA-jlio JJJJ 6jA-J ( fi_ ^-^J) 


a_> c.*— o A»> dbw^—» ^ajjaSjAj a £ ci-w> IS* I.aS'ajji^j aJ 6^ajI^a^Ja»& 

• boAJb ^jA^iaJ A^bbww* ^jA —) ^£6^jAj I^A^* 














J&Lj J 6 jJJ 





<L-> j bljALJbA^jAu aJ M4 <1 > j C JL-^ Aj 

CJjO IjAiblajb I ijj^LJb aj 0<sLw>U 

4 1 jA ^IjAjsJajb ^A .(A “ V) 

J ^jjA_( J jj-J> cr 4 ^ A_( 

*lJ ajA^jljaisJajb ^a5>Jj5jL& .cijj^S'o ai'&jjAjb 

j c._ Ijo %Ao ^a _Sb>y b jja _fcaltljA^ 


%C 4 bjj^LJb a_ 1 6jA_j| jaJOaj* ^A-SbtjS'jb 6j . bjjAjba_^ai" aj 6 %f 0^a_SL»jj 
Ij^L—feai'jAuAj ^ 6^A * tjai 'd jJa^ - ■ > ^J^i' ^ /°Y 4 ^a»^s*jJj > . c* * >6 ^ 

. IjAJb ^jb ^jjijj ^jAi* JjJ Ou^^rb'bjfc'^-b ^ ^jLf^b Jjj bjdS^tjdS & i 

♦ (£$dj ^JJL) jjp 1 < j &Lu ^5yJjL£ 

v 44 44 

^A_mj A_itlS'fti ^ <Z+Jj^jb~ Lw> bljAJbA^jAu Aj ij^jA^cu 1 ( fc £^-*-A ^£A^b>Jj 

(<ijO l£JJJ J 4 —j >".^ ^ - , a^ ^jj—> ^^SbL-J ^j—>) jJ>jA__>Ajbj> a_i a_^ ^jO ^jjj 

'^S^j a »s >ja 5*6 ^ a_S* bj^> ^ aSb^^— * ^a*j L cCo^bo (Insolation) 

>a^_) cy,* ijj^j 6 ^ 6^6 (Pyranometer)jA^wojjl j^j ^^wob —> ^j^&a^_i »r*,* * 

jL» b 6 jA-jldp^b j jj -> aJ a—S' oLibi jLoJj a_^ljjj* Lb a5bJ^o ja_j jj^oa-jb 6^Lob 
^A^_t ^jXk-s^bt—>Li' . ( I — V — Y ^6jJt—£/) . (A_^15 sJI) ^^■'-w-'-A (i I> ^A <w*Uj-4^1 bd ^ 

c^j—<>Ja_& (^jb>jji (^j-^ ^aia_^Auj 6jA-jlja5sJajb ^jb>jji ^^5>i-LJajb Cij«Li'fii 

♦ A*J CA-*— 1 jJ ai" A^jlS'fti 6 

iLJjli'fii j C-Cy_>fi ^ fijIj^LJbaijiU aJ aJjji J^ja^ ^SbibJL^j ^SbLU — ^ 

iijj-^ i£j-i • ^ (ijO L^JJJ 


£ V 
















6j^LJlr^b a_I jjjl £> ^ .*i a_I ^ JL>»^j IgJa j ^lrT>■! 1 -T 

*L_) 6j6. lil*L_i jjjjiL-Jo ^j IS* Coi 6 j4jIS s-^ j b 

{£j3^ ^ j^Lwmc ^S**L->4jj1j4j <^_S* C** 'jj»u 6 ^ j4-wwoJj Ijro ^£j»^*ob ^jbli I ^j^*wwu ^<OsiJj 

jL j^j ^jb aS b^s .jj aS (Shade Rin§) Cojrb*6i 

. (^ - V - V ^0^L£) • ^5*jl*0 b 


: jji* ( j ^ U J jSAJb 


c 6^ 1^b*.> j —) £j b^J ^£^bj {£.33J ^ ^ 

^JJ—> *.*. » l£jjj L J m—*.» j£—> du I i (A - V) ^b^mZ 

4 >jb <lJ j-tJL o*L_S*j I*LJIS*4jLLu *L^>jb*Lt jj_j> ^^SbjL-tjcJ 6 jj 4 S* jjj ^^—Sbi j{ 

dZ S* ^aS>ZZj jZhja£ 4_)4Jb ^jb bj^&£ bj^&Jb . «j^b*6 i I JjLS*^Jj4^y04j> 

‘Jj s j OJJJ -- “*-j'^ 4i 

cii—U15* (ji-Mj) *L_j IS*D i 

<L_> ^-Ij—jb^b 
JLob^w jLjf^b ciJ-JUlS* %A * J 
j jT ' f , j -C^Jj 

^»4jj4 «. ' ^J ^Jjtj iJjjj J A —^ 1 J J . 

♦ t 4w L ' b^b - £jb 



a 












J&Lj J 6 jJJ 





(Barry & Chorley 1998 > J ^ ub (A-Y) 

_^> <iJ^u <«i->*^ffijIjLjjjJ Ii^ 

j^-mj^-i ^jljj^5* — Y ,^4-Ljj )Eclliptical Orbit L>4 j>^<w- > ^Lsii^j 

(Jbj Lo jJ*Lo *) Coi bJj jl^> ^&jLo ^IjSw 

jj£> ^Ujj cjjJ-o (N o Y, ^) ^j»jjjjji j (j*S* ^ ^) jb- | l^- ) 

c*uljJl> { perihelion^ &j*ub ( ^ ^V^jjj 

cjuIjJL> jij{ aphelion jj*u ^ ^^Sj3j 

^J^jb jjJ J^LtZudS ^Sbwu^cJ J {£jbj 0^ 


Zijjjb 5 ( m $— u C<wu4—>4^0 »Aj (jJ^Lj4 —j j jJ^—1-Jb ^£jj\ >) ^L** jjij<LJb ^ ^^llJb j4j 


. 0 ) 


. Y ♦ ♦ V ,^-u .Ij^jbjjb jLj\\Jj> iljb (Absiden Line) 


to 





































A_tJj CjjjfAj aJ <iJfij £333 Ajl5*6i ^jLj l-Lofijji ^jjjIS* aJ .%V ^A,SbjJj 

l£jj 6 j ^‘S’ K^-^) ^Lo ^j6j £ 333 ^^ jb^j ^jj6j 

(S — V ^4JLjj) . bJ^L £jfi 6 33^3 ^jboAJfc 6 J"UOjAS* bj^-£iL> ^J^S*6^-O 


I J—>J> £33 b 5 A«_i jLj> <iJ^—> ^-’Ijjj bjJ-^ £ 33^5 A«_i (^AjVLmj ^jj-cu ^J IS* £ 3^3 

-3 33 ^ i—> £ 3 ^ ‘^ ^ Aj> S* A * * J l—>A^ i^Jujb (EarthAxis) " 3*3 £ 3 ^ ^A—» c j *j^ 1 ji * ^ 

JL-.& ^J^-S*^J £ 3^3 £3^3^^ I ^ ■ ** 'j^^ mj A__> 3 ^ <jJa_) Aj 333++> Li 

^jboA—& aJ £ 3^3 £b 3 ^ 36 ^ £ 3 A-i 3 ^ ^ 63 *)! 4 b Y T ? C ^ A«£/j£S* A«) £ 3^3 £^^ 3 ^ ^)A»ujaJ 333 -Amu j 

• b 33^ £33 b^&j ^^3^ u \ j 3 ^jjj [£ 6363^^, » m uj Ajw> b 5 I ^ A .'^ Ij L> 


4 *-S* C*jj^-S*& ij& i 1 3 33 —> <• b 33 —> £ 33 ^^ £ 3^3 ^ 



33 —> (> 1 ^ 3 —>*s b (jj__YT , 0 ) ^L_}jjjl 5 " (jA—£Jj> j (jj 5 "L> Yf , 0 ) Jljj —5 (jA—£Jj> 
TrOpiC ) Jljj-J? ^£A.^«J 33 ^ 3 ^^ jlJ * ■> ^jL-» ^IS*^jl» jA_ u^aJ jLj> JL5^ l-^^-bb^Aj 
j^^jL -lJjL j^l-j cc^jo (Tropic of Capricorn )A 3 jjjlS* ^aSL)^>j (Ofcancer 
.ijj 6 ^L> (Sun Declination) 33 —^ ^£ 6 ^ajL»oa^> ^£Aj^L> aj Cww * t^ 33 *^*^ ^^a^ia .1 33 ^ aS* 
.^jLj ^jL- 5 ^ 6 jljb> <Lj jL jA_ mjaJ obfii jLL-u 33 -^ i^ 33 i 03 ^ t * J £ 333 ^° (Y-Y) ^a^cJL> 


tl 
















Jj— ) * ‘~ ^ ^ i km ^ s *~* '* * (*£^ IjuSu jJ> ^£6^j4jL*o4j> ^£jI^L«j> 

• (JjO l£JJJ j 4 -^ 

6(Summer Solstice) ^-»^jl»^U& ^ (oU^^j^-9) l£33j o^^Y ^ l£3j0 

^lJ CCufi i^Jj-^ji jjj j Jljj-3 ^^L-SnJ^> j*L_«J<U 4jjZ—~j jj> I^^jIS* ^4j 

^1*^-3 IS* Y t (j J 5'L»°^ ♦-°M,0) Arctic circle)jj^L» ^aj> ^IS^jL cj^_£ 
(jj—^L °^ ♦ -°lVfl) Antarctic circle jj—^L» _°*> 

jj-> jj jj 5*L) ^6j—u I^Ubtf 4-tJj C4 ^-»jIj ^Lo^jIS*Y i 

b Sjbj (JJ-Jm-O ^jL»J QdS jjZL ^IS^UjL lj^J& 


I'll V ^ 

, i__^_> , £ Ju ** L) 




L> v . 


> v/vr 

°rr,fi 

■v/rr 

jjfij'rr,* 

\ >/YY j >/Y> 

^L^°r. 

v/u j o/Y > 


> >/r j r/^ 

jj-^L» l£ ^ 

A/>Y j c/\ 

jlA 1 J 0 \ 6 

Wr- j v/rr 

jj-^L j > * 

A/YA j i/u 


N-/A j r/A 

, O 

JJ-^U j 0 

V> • j i/r 

j_^Li j °c 



S/YY j Y-/Y> 

o 

jJLti 


ol^6i jLi-J ^jL ^j15^4jjL j^Lwj^l! j3> ^jjjj (Y — Y)^*clju> 


Winter > ^ (jlja_f jt>j) LCojS* ^tajjj ^IS* J obojjj 4-04J 

.^jui ^ YY (^j^j jj^ .(Solstice 

*lJ C« >3 • t C-# 1^*6 *L*«J jJ 04 S* jjfi L> 

£ v 




















Vernal ) jl&a—i ^j^Jad c CH° jL^au bairns J> ja&aJ jjija_& a_I jjj j ja_£ 

jVf a_I (Autumnal equinox)jjL j jljLs j Y^ ^jjj a_l (equinox 

. ^jo^a**oaS* ^a„MjaJ a^bajUlS* ^»ad 

j jjL^b jLo6j^ljI jaiblajb _SbJjS*jL& JLJLIj ♦(Albedo) -T 

J^—> * **» tai" ad auoj Ija5b!ajb aS* 0 b^- 1 1^ 

ai" Cu & $ j Lojajb aj l^*jjd* ^a j ^b^^j l^a^da^k I i ^ .cii»oa«j 

a_I (iJjL^iaj . a_»ajb ^jbj i^£jjj ja^ ^Ijajbjjlj j jj£> ^b»U ^jjj^-^a^b ja^ad ^ja^jjlS* 
o^a^,*-*-*-.wo o ~ a_S* ^£o^a^_t ^ b jJa,& <S33j 1 

a_»ajb ^ja5b>jlS* ^j^ojajljadblajb ^a^dj^jLk ^jljb-> .OwLioi ls^ J ^£j-^o-Ldaj& ^joJ 
^pjbjd*-) Ija^Jajb ^a»^dj^jlj& .j-JJ ^S*a*ja^>jLf J£—> dJa^aj^jL* ^LojaS* ^ajj ja^ad 

6 JJJ lt^J^JJJ J^ J l£^J J ^ 6 J l£JJJ ^ l£jO l£JJJ cr’bj^ ^ ^JJ^ 6: 

. (V*- V ^a.v.,.t.>) . 6jau 

(• ^ ^oibo ad 6 ^j bj bojl <*^><jbj j ^oibo ad o^a»iI 

^o^a >1 jadblajb ^£OwL->o^a*j ^a.^tajjj ^pua^^oa^ co^a^ad^i ^ja*j <jbu4 *—> ^£/oV Q 

L&o^ja— & ./oA^l^bd L^jbj ^ uy j t^ Xt- ad* lS^o^j^a-Mj ^ < *-^-’^ oibo ad aSbjw>_< 

^a^_$bljdjl& c boja djadbtajb ^a Sbljd*jLkad a »ajb ^ 5b ^ ^ 5bdjj jjlu 1 j—>j ^jjj 

^ja_c.lS" .oLS"oiiLj ljulS"a_^jd oiLo aJ j oli"o-L-oai" ljLJlS"o^jj oiLo adojajljaSOaj* 
.o^a^jtS^fii ^jlS^abwMj /o ^ * ad ^a^*jjj 6^1 c^uo^ ^ ^-^o^-^-woada^j 


£ A 










/o 4 j4j lj4^J<L& 

(^k*J 1) jjj 

% »j4j|j4£k* ^SbjS'jl* 

(^k-JI) jjj 

v 

0^ <J^*i 

v 

j»j^wO^J^_) IS" 

0 ♦ 

oi^ L^y-v 

Vo 

cr^ (jbi) ^jj^> ^siLo 

^ ♦ 

jIwCLmi ^ 

r- 

jjj-dj cJj<U*i (JftiLa 

i- 

^LLu J (ii-£j 

00 

l?W°jhjP 

^ 0 

jILmJ jli 

> ♦ 

lA 6 j L*4r°jPjP 

Y- 


Ao 

(<u-olS” jJI)jj^-& ai'ajai' 

Yc 


ro 

((J 1) JJ 

A 

J&3 

YO 

6jI £ cSbfij 

A 

jb 

i- 

bj\J Sjbj ^ 


IjuISY)IjL> 0L0 <d 6 jJul^^SdJjS*jU (f- V) 


(iL^j (J %S * \j^j jj_> l£j-j j<lS |*^J LT^Jp^J 

• /o0 * J£-j * IS* 6 «»L^o aS* ^^S'fij^j Ij^S* ^£6j—»j !j4*j jjj 03 ^ 33 ** L& j**^fC 6 j^-«-<-<-jj4S'6 0 

3333 lj * fe ^£jloj—S' ^S' b ^6 j^-f ^4 ^JjSjL& ^£ 6 3 ^ 33 ^ 33 ^ 

bj4 —>ljj (Jjbj—S' j —1 j j~ » ? * j ^S* \£jj—> ^A ■ ■ /> ^ ^ ^ <Sj—! d£j— 1 l£/^—^ c6 J a — j 1^6i 
^3 I 0 j^' c* * j£b 0 . IjljjS* ^£j3^- > *lJ /o G * Jj—i 6 j ^—*..06 0 33 ^^) 6 ^)bjjj Oj IS' 






















jljj—^^Lju— <£j^ ^ (jl) ciJfij ftiLo iL»j ^ 

.oli"o *^5* 6j4jlj4^It4jb jol^o iLj 


^^L-SsJj^jL b ^^ ..i^l * >6 ^ Lw>^L-S\-w) ■■'Lj lifiiLo *L—I ^ ■**' 

j 6 %1 * ^4—IjwjLLu j (ii —cujj ^*Lj>jIj *lJ fij*Ljlj*L$NjiUb . 6j*Clj45>J<4J& 


cJ^L—)6^4jl^4^*J4Jb b^ . /o ^ * Jjj 4 j6 ^ I ^ 

L/j^j %> C CC*.Jjm^S" 6 i jJ bjA&mtS'bjjjdJ 

. b^&j&Sb » ^j4_i {£ /° ^ 

4_S^ 6 jiLSZ^b i JJJJ ^J fi J ^JJJ 'Jj** L^ JJ-^ ^ jSn—6 j<l£Lj ^£bj^J 

• bj 6j^LJ|j45nJ^L& ^iL-SvJj^SjUb ^j!jJ_£* ^*LJLwO*iJ *L->4Jb <^£jbj {£ Ij^Jbjjlj jcLcwcd ^j^iL.jlS' 
j C*-Jjj£b i 6j4—i!j45U4Jb ^j&j ^6j4-Jo j5\jjjj J jI£*4jLL- w^jli jLS'j^S' 'j^ 

j jjj—i j*^—^ L&0 jj*L_k . lj<LJbjjI j CJ L J L l S*& ^j<Lmj 

15" l^J 6 ^ C J J (^£6 


^Xjj__) ^JLJ^Jjb4j j jjj— i jLLu4__i ^ftijL—O f jL-5* j£*> j 

I j.^ o>-» o |*^ IS^Ii 

*c5~ 6 -^ 3Xr-° lt’^’j JLs>pl&ta 










Solar -Y 

6jL^:Elevation 

•jj-> j <JL?0 oL*P ^ Oj*^) 
^b 6 jj-^ <J33^-i <S d —0^ 
• 0 * “ V >jl-£) • 6 J J-- b 

cA’JJ^ L^JJH <J^jS 

333 J Lr’^ a — 

. (£. — ^ L) . l ^.^ 1 d • 3^3 bj> 

. 6^^_t IjA^jAJb jA_ mjaJ ^^ 33 ^^ ^SbjjA^JjlS* 33 ^ <S 33 ^ ^£A^uJ£S* 

Aj>—Q»W> ^jl—lI 33^" *-* b* 0ww * 6 » Aj |^ A^b A^ A^bjJ^_J L& 

IjbJL-*b ^j-»jJjj 4—i A_I 6 jA-J|jA,^JaJ& ^A_6j KbliJ 6 J^-Ojjj ^X-wJj&jb (iJfij CboO 
.^j^^jl^b -? ^jJ*VaJ&jj^ <>b&^ Clbufii jjjj (^a5^^-jj*^[ jhj^ A«£* tibolS* OwOwi i 

aJ jJjj jJ id^odS b<«JjjAj 33-^ (ibolS* Ijjbjb^J 

6j CO b&.XX— wOaJ 6j 6jA_bjA^bAJ& j 6jA_!)jjj^b j oJAJb ^jbj—^JJ&A_i ^A-S*A5bb—^-J 
bAJb 33^" &3^3 J 33^ J b <—>lS*6i 033^ ^ ^ i fc^jAj I^A^bA»& ^£A^bjj^_jL& 

jLbb cCw-ifii I-Ljldf^b ^LmJj&jUaJ jJ£> ^jAJ (ibUlS* Ijjljjfc j^JaJ ^Lu^b Jj_>, jLa^S AjlS*6 i 
.^jjjjljbjJ^ ^^jb* bcUfc 6jA^L>6i bjJ£> ^fijAjjjjjV JaS^J 6j^GljA5bIiL& ^A5bj5jl& 

jU jA .uiaJ C*JjA«_$*fi ij6 i ^jjjjA__i ^£jjA__i ^A 

6^6 /o £, A«b A»jj^j^jAjAj ^yu^4 —> .(^jlS^ft'^■^'■■^■b^Ut^) I«AjIS*A^— t^jb 6 '3*^333^ fi^Ajl^A^bAJk 

A_b ^ 0 ^£A^*jJj 33 ^ <^33^ i^^* J 3^' cib—»L^ /o^^ ^A^^jJj ^ 3 aJ (jb-»lS^ 











J&Lj J 6jJJ 




a__> Dja^oiSj4^o4^ ^£ao>_jb a«J ^jL-» ^jlS^aJ^b ^-w»4j jhj^ ^SjJ^ 

dabS^O ^a_S* a.V_<*,'IjL bo &Jr* 4j ^jj ^U^j .LS*ft^a,>^woaj> a^>^b ^Ijb 

6 J^JJjJ^Mii aj a»^oJj I-ULLj jhj^ ^->a^b^ ^a*>jb L> • ( ^ ^ — Y 

jjjjj j C«—u. i Ij6jb ^ajJL^JLo ^jlS*ao>jb Ja5*aj ijj Ijaj aj 0 j^* 5jbj (iibbo aj jjj ^J^J 
^jaibjlS" . IjJL wj ( - £- , ^0.3 j ^ &^aJi*j&i ^»a5* bo ^jbjj^ <Sjj^ ^abiu^S* a5* 

♦ bjdS-tjdSb i JL?^ J^ajij^ ^^bjy^ o ja^aJ ^£jjaj 




o-'-oiO ^pj^u I i 

cPjj^ 1 —*3 i>—^ 
^ ^ — V ^*loj) Ijua5*a»oj*^f 

^j&ja_*oa5* JL>baJ . (o> 
b > IS* a_oa5sJj 

jjj^-- -*J 

c/*^- _>j b 

C*-Ia6i (jfu*L_)b liJboaS* 


J^d^b ^^Lwwlo ^ISb-^jbaJ ^£j*)l&—> a«_S* ^aSs,*V» * * ^a_» ^jboa«_& ^Ja_S*aJ a__t 


^a * .mi 1^baj oabS*6i ^»aS* ^»jaS* ab aoJ^j 

.^jlS^6^a»wo3aj> j6jaj 


£*Jjjjb$ Ijajba5jaj aJ ^jbj ^Sbj&jbo (aubj^ibaJ jJ£> <ibolS*)j^f ^£jj> — oa 

b-»^ c^jlS*6^a**» ^a^j IS*^yco a*j ^ U M o a^jj 

. (I — ^ ^ — Y).Cujjfi »jfi ^S*ao6^jbo ^ ai* ^ajbIT ja»t ^b^ab oaIS^d» 




































J&Lu J djjj 




j (4_j ^ &jr*A c£jO) l£jO l£jjj c£ 6 J^bo<L> l£j♦ Latitude <^jb i^4i)b -t 

jjij^LJb jIj^j^lJ) *lJjJ> ^aj 

^o ^'^ ^ ljL 30 ^ ^£ 33 ^ £^*^ 3 ^ <• (\$&SaS\} 

b J<^_5^ <J i <* 1 p L^5 ^ i L.*?j li 33333 3 -\—>D^b ^^.■.■•■'V.v . 1 ^L—1 6 ^ 5 ^—> !^)4^j4Jb 

^-1 <^—*—> yLj <du V Y , 0 aj 33 ^ £ 33 ^ £^^j^ b jlibu_>45bl^> 

4 J 6^j4—4__)I^ ^wwmJ Y-Y) IT bjA**MmA 4j> 4^>_jb 

j J-Jfijb ^^Ly.JL-i ^lS**Lj>jb *lJ J-J^j ^ ±jb 3t~^' ^ £ b 3^33i33^ 3 ^£*L>jb 

.{jjaSd$ £3*3 £333^^, £*3^ ^ 4.J jjjjj 


? .,, lj 1 t ) j^_^> - » *L—dj^wufi ^ 0333 3~~ ^jbo&^4__t s^sjA. 

^jl5^L->jb ^ ^ > 4__> £*333 £^(£ — Y) fijboj . d>lS*6i b b*64 j> 



.jtJ'h .jrJ^t-ll 1 -. -1 **^*-14** (TT-r || ^.^Ll, 

(UlUWftCMrtl I t.KS 1 >-j 


£CJj*Lmj C6j<0lS*O jjjj ^b 

O 0 j-5-5 lib-&P J -^ 

a_l 4_S"aJ_^> / i^wmj/^jjJI^O ^ ' jj^" 


r 


a_T 


ls**— 


/ V r —/^jjJL-r r A * j_> oLio 

C VO ^jb-t ^4jjb <b dWj^ 
L^J*^ j j 6 J^ \! 3^* ^ 


-d) J JJ 

. 6j4jI jaJOajb jUb 






















VO 

“V- 

10 

r- 

> 0 
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Y > • 

r- • 

rA- 

£.V • 

0 > * 

0 > ♦ 

Ojj 




j:jj-> J a_>4j> (Day Length) jjj ^j-Sji :jjb t£>Jji -0 

(^JJJ j^-mj »lS*6i j-)L j »jJ ljjlSV>jji fcjjj aJ ^(^j&j jj 

jIS^lJsjLoj ^Lj <J^jL ‘H’ (J^JJJ (jj-^ji • 1-^—>l5"aj jjS* 6 jjj J4_S"<J ijjlj4_i 4_i 

^rL3%_) jlS*6j4*^ *o Aj> j6j4j 6j4«w»6 j4,#o^ »04^>j4Jk . (0 - V .c^- j jS *b » 


b Y 1 jLJjL> 4_1 (j*UjljL—<J> CCjL^&i iL-tj lijjj ^ ^jjljl— <■> 

4_1 j jj ^£j—ji Lj<sL—£ Cj l—5* O ^L-S^ ’jljL*J> bj&^bj&j l j IS* bj&mkM* o4j> ^4 jjL>^»J 

<lJ ^Loj-jlS*^ A^4_S^jjj jj 4 jLLmJJ J ^jjj ^ 6 jJLojjlS* ^^AS^Jp *\ *^jL ^^JjL 

. 4jL.<*S*iU ^jJbjd^cd£ ^Jjjb *>J JJJ J J*^ ^jjji CAJLjLk ^jIj4S*j&j (^JJJ 
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j a-ijjLft ^IjJj ^Lj ^IS^GjL ^ jJj (0 V) 

b^^J I J> 5 s »<» * ■> ^£6^L-*o ^_0^ ^L_)l^-w>iU ‘ - ■ 1 jA\ 

cCuj^l-^ojoLj (JjJ-^> lojjj 4—t ^l-j4-»6jLo j4_j 4_S* c(Sun Duration) <U—^6 jj<u 
. (^ r — Y jJL-ta«) c* iijj^jt» Campbell - StokGS j >* ■■*■*' IS* L—> ^ L*o 

^4_) ^J ljJ_Ul Jj-J ^S\ * > ^£b J&j ^^jfi l^uj J Cui^UJ 

J£j A*jbj L*o Lj bjA*&\£ ^j Lj^-cu ^jj CI i aS* 6 j-wo Lj 6^9 1 jS* aS > Lj &^^C>LS* 

^L-j ^jLj ^Jj£j 6 0 aS* ^b jLo 



















J&Lj J 6jJJ 




j^jj^ j (j^j-^O l£j^ tolS^o iLj jj^jb 45* jL^j ^ b 



Cj|j5bjL-J ^6jLo ^ ^jLo ^J 

CwuO jJL^i I»0\-w—w> ^ 4_)Jjj 

jj4_& jjj ^lj_Jji 4_^ jL^C^b (ji VilS* * 

^»jl—o j jjj ijj-jji ^*—>. ‘Lr's - "-^' 5 
a-S" j4_J ( J_jO jL^i*4_t jI aSs-JLo 

4—ijjC j-j ^CJj jj4-Jb ^jLf^b j JLoLuj 

jLJLoLcu ^^SbuLj^b 45* jlS^LLu 4^>jb 

jj 4_»4-k IjJL^ ^jL5*6jjjj ^4_fjj}j 4J 


^La-iu^u 1 y4fLH 1T jJfjij p-i-*-*-- FJ rfft-ug 

H-Jj.v.^jij * Cmw i && T > 


ijjlj4—» 4 j j^5"6 ijfij jJ> id ^jL»j 

l £jj4_& ^J—' 4_S* j4^o 45* ^4^>jb J45*4J 


* 6 jJj ^ 


<• jj—> j4 _mj 4J 4_)4Jb lst-'jjj Lr-r^y J ‘Jjj*-! : cf*P J 

* ^4j*^f l> ^ ^i4^o4-) 































^j-j *L—4-b* 6^4 -»*.j _J3J ^^«wo4 —> ^ bjj&j 

.(w< U j-*o 6 jJ4Jk lib-w^U jj4Jb4^jC(jb-ilSb^_^j Jjj ^^IyJ 

Oa_^b^U tjlbL-p ^j_> J^LmJ^lI *U*Ub jLw-O jlbb> (J^CLJjb -O 

. jlijjjj j Jj&jb ^<}JZJLZu ^jlS**L>jb 4 J ^*Cbb> j^Lj 

(Jjbi jlbb—tbi^J J —1 ^_£j—> j jl-bb*L^j ^£ 6 jLo L^> ^£4JLuJ jb 

jJ—> ^^SbL-J JJJ ^Ij-Jji 4_» ^JjjjZL> -u 4j jl^L> ^jjj-^b ^pbiaj .OlSbi 

^jJjj (^ £ — Y^&jJL^i) . 6 ^^Lw-I-wO 6 i I^jj^^b ^Jbi^b ^0^^^3^3 

. J|jJ^ (^ 6^5 bo ^ 1^5 bj> jjJ Jj^£jj^ 

^ >7> * * j4_m,i 4J 4__)4Jb ^jLi ^Jj^S\Jj lb" 0 j4j Lu^-l ^ jlbL> b i a 3 ^^b ^£4»b — ^ 

^Jbi*L_9 ^j-jb ^£*L-b (ibJLjlS" <• jj-> J ^jA^jjlb" ^bj^J>j lj-> jj-> 

^L-l (j^wwj cfi—j <w^l—5b ^ 1 )J jb 4 b ^£*ubbo j4j C D jUjb <jJ^ub-> 

i^^^-bbjbjL& ^jj—> |>^^L-Ssjj 4 —I jj—> ^5s.^>— o ^j—> ^jjJ^Ljj i ^ 

^^■Jj Ml 4»b 6 j4^_t l^^bb^fe (^£4bbjbjL& ^b 6j4*jlbfti 0333 6^4—> (^ C “ Y) . 6j4j Ij^bb^.^ 

• &3&J^> ^4-tIijb ^J^bj> ^j-£4j (^ — <*-4) ^6j*w*f ^ &JUO^b (I) 



















^i^Ssj4_^0Jj jjt>xp ^jL cill^Jj^/ (Jjj> L5^b J j»^ 

csn’b'-^ j* t(i -^j5\-£lj) ^^jljjj (^0 j j 3j^0 

*L-$^ I Jj Lw^J i^>JJ^J 4_I J l—> i i^S\^Oj 4_5* Jj—> (q,JmJ I O ij L^-*u<-J I) 4__> IS**Lw>jjj^ 6j4JL*Jj5* 

4__) lS*6^4_L*JC ^5 jij4—& ^ ^4—S* I-L>Lw> 

^Ijj-^O ^bjj <£j^l f ^jj^-<—mj^j jhj^ jj^f jU^ 

*j*j i^£b^dj 4j6^L*o4j i bj\jj C^- o S ^^Ljj 


(Longwave Radiation) : Ji> J Jifc} 


^^L-l j ^jLo4-j& 4_S* uw->d ^jD ^ &j Lw:;. j-^j^ > 

j % ^ ^L, .c^o jj^^jLo (0 * — V) (jljJo 4j jL>4«)jjj ^ (JJJL]j-i<Lmi 4j j 4-t4J& jL-»j6j 

— v^^jljj) (Vo — VjO ) ^jL-j^jji 45* o^ 

^ * 4»_) j IS* 45\-jL—o ^^_)jjj 4_S* 6j4_1Ij& i OJJJ j—’ <jLo& j4_j 4_S*4-Ljj J jli ^Cjj^Lmj^Li . ( ^ 

^ ^ ^j-J>6 ijft ^ 6 j 4 »_t IS *^-1 L^ s ** m Z J JJJJ -? O-X^*"*^ 0 

4—*-*^S*6 ^ j—>j$ ^J^j^I i . bJu^j aS* 4j4j j4S* ^£4»X jd^ujdJ L5jj->4«tli 

jji 


<lJ ^jjj :Terrestrial Radiation iffii ffij4J)^i*ii p 



J --■ 0 iP“J^" + ‘- r ■-■‘■-^-•-■•f , ‘P- 1*1 ,H ■- ■-'* 

iAujrHL'iMM 


j CJjjS Jjj4 ^ ^ - f/* 

^4-^fijjj ^4L -jjji ^jJbj 

jl—ccx-Lifii jljj—o ijj—> 

L , - * * A , A . ^SL^w. d^4__)^d^4j 

»jjj 4__1 jL 4_S^ I j 4»Jb 4^"j 4»> jD j4») 

















jjj-j ^fcijb-O 4 _i 6j!j— mj b 4 _)Dj 4 .j ( j^cL»o 4 j CjLf^b ^jLIiJj Jj OlS*b 6ji C-wu 4 j 

^U 33-23 ^SbJL—^ j_i .(Greenhouse Effect) (JIS*j ^ bS* ^£33^ l^) 

bj33 dj bjjj j*^ ^6 i ^ 33 £jbj ^^b 4 -> O wJL j jLf^b ^jLcwJjj 

(<*-->Lw^2_II) j—aj *j-^° -5 ^ (^33^ -3 ft ^jj^-ob-»j 4 __> Cl^bSo ^^—S* -9 jlS'ajboL, 

* <£3^3 3^ ^£^3^33i ^3^ b c^-jd ^ ^s->j 3 <w o ^o6 jJ <£3^3 ^£^3^2 I 

lijJj jijO *lJ 6^pUj bjjj<*J jijO ^ 3 ^ <J^i <j* 3*5 3^^ b- 

^—S' bjd* m ^ m jjdS'b 5 J£_i I ^333 b jlw-oj^ ^£ 4 b ^j jjjibj • 3 ^ 3 +) b 6j->b^ l-obw-w) 

b^A*J IjSs **» * >^-i ^dS\ »<» * i 3A*-) 33 j^ b Sjbj ^33 jJ^Jj I ij b <£3^3 

b^dtJ I A 5 s »<» di I *L-I {£3^3 ^^3*Z ^b^^mm>m)b^ |»Jj b 0j^£ . <0 I i 6 i ^^mUJ b $ dj 

&j*L-w 4 -J ^LwO j 4 _S* ^ 4 _b .C*—J^S^bjDj (iJ^—t&jj ^*Jb (jj^jljb jJ£> (^Iji J Olifti C-wj&ib 

. ^ ^»Jj bj IjjlSbbo L41 

Ij-Ljb^j-u :Atmospheric Radiation (igjh tf « ( jo 4 j ) - Y 

iib>»Lj 4 Jb ^ i 33 )j^£ <£33^ ^_^bw^w* b ijb ^i ^j ^p»j^b*Lfe <£^ LwOb ^jb 5 

33&*-> ^S^—>b«j L> {£3^3 ^£b^^j Ia 5 s »<» * 1 .^b ^-b^fe OJUjH -5 3 ^ 3 ^^3-) b 

j—>j i ^ tf» * 1 1^^L—^ 4 ^j^U ^L_»^j C Ij^LJb ^^33~‘ (*3^~^ 3~^ bjb 3 ~-*j 3 j$j b 

4 o^i^j j OljjO ,j Lr- b j&j^L -> bjbj^mujj bjjj Jk * /<igL> cO—>i^Ji i I»\j l$b T .ljb 

^6^^— ^jj^) 0^“^ j_»—> - %3^-^ v,^ o {£3^3 3b^£‘&*jb3 ^j ^ *h&£d£\j^ 

<£3^3 (^b $3&£ ^a\j jkmHjA*} j\£ jA*J ^-)£) '<lm)[£b $ (^£ 4 S* 4 «wO J&£d\j 

• ^3^)33) | »3&£ ^^jLwob 









♦ Greenhouse Effect ( jLS^uiiJJ ) Jjjj 





I SA2 ojtK^jU OJ5 Uj» ^fV-r^ ^OJJ, 

ur*9* J fJ c ^iS*^ e ^1* J 9iS1°J9- ,CJ J* :i di-!'^ ' 

^yfiU|^Uv>U()M tf u(ittA< *JUfMny,^u>4Jfc« ^ 




c/* 


ojLi 


^jjfiiL-Jj ^li^Ljtjjj J_» £>j£> J—^j4^0jb 

i*^—5 *c£jO j a —Loj^—S* ^15*4—L 
jLj ^J^jL> ^jLS" 4*_jftij 1-0 

C I »Lwl li'J) * *<\ ^ 4_I O 15*6 ^ *^kj 

'- 5 ^!J a ■ ■ '^ 1 Cl^bo l_S^J 

l£jO ^ ^jj-^ ^ ^jj-> 

l£-?0 l£- 9JJ (il-l~b* .Coj—^o6J-J4-^ 
i I^4ta_fe4^j4j ^Lj> ^jb*6jlS* -5 Ow^>6 ijft ^ C*-wO ^ 

j c-S>u4_j * 4-J jjLjj) ^jjj ^4_ijjJ c£ (b <^a —9) jLjf^b j^J 

<j-u ^ 0^45b»Jj 4S* OlS*6i ^j&j ^jli^jjL j C^uO Jj4j Ij-»6j6jl^> 

^jL-£/jjj bjj&j I J>5s *V» * i 4__> ^b 4_)!^^j4j 4 __)\j IS* ^j4—t A*j .4-) V - V^«LLjj) 

j jj_»6 i JLo^L-^ jj-u fT^^LSbijj ^J 6 J ^cL^L (^1 cLJ}15j4j j Ob&fijJ^Jb jLc^Lj 

^4_b bo04_> ^4^_i jL>j 3 * ^ ^ 4n,^,i ^ A - ^£4 ^*jJj ^J^^Jb 5 

l ^jl 4_r 4_» ^Jb ijLo j»j45* 4-tjj .C^j b^^SSmuj^j i^£dSm> jjjdJ {^/sjdS 

•<Jj*j dJJj cj^Sh jLj 


bw— wO jj 1^^ < Sj ^ ^j4 - oLj4*j 4*j4*jI^IS* ^4*j ^ 

^b j4jlj5bb— ^jjij_i ( j^-o*4J 45^ Iilj4jb4^j4j 4 J jb ^«oJ4Jb j jj^-*j 4j j bJjJ^ J 

(^1 j-^-p J l^J 6 J f **-*-£* ^ j45^6i ibj Jjj4^i 

I-L-»j6j ^Ij4_^jjb 4__I jljJ_5^ ^-jlijjj j —1 ^JL-lS*6 ij4^g ^j!L4_^o4j C^4_5^4«wwOj45^ ^4__b 

L-»^ jA^uj 4^jlS^6i 6^4-*.j^4^6«LsJ I -bbj 4 J 

1 * 



















aij i-Y jaS*o ^ <J^i ^j^obj Ija-^jjb ^IS'blj 

j c * ** —«- > ^6 i4-uj ^6jLoaJ /o *, * *\ 4 j jjj ft j / *, * Y aJ jjjjlS^ ji ^(ibplS* 

j»^) -5 V 3 J^j j 4 jbaj bj ljLc> ^i 4 jji^jiLtj 

(jC^ j^P'jo^ jjinUsijLo 

oLTo .^jj^ j ^£bo^a_S* ^£a_b a_S* ^ajb*bLu. i ^ad 

a*.-o^jajb J*L_S*aJ Jl£jJiJL-S* . a^_Jjajbjjb ^>IS*a^o Jt jajb ^j!jJ^_S* jL-CuL jlj*L_&jjb ^IjJ— 5^ 
^S* b— > »u jj «»> i ^»ja«_S* c^^jjJbo6 i 1^) l«Loij^a^a^ 

^aSojJja j ^ja^^oaj>) IJJ LS* bj m,i aj a^>j baj ^jjjj&a^^ ^6ja«_)l^£jj&a^_» a__*^jb ^j_^J 
(ii-Jp ^15*6jljba_S* ^jjj jb j fijajlS^fi iJjiU bjfti <SJJJ ^Lui[jaS (jlS*b> 

(jljLy^>) jljL-V-bi* a_I <ibjjjj a5* jlS*&jbjjj ^bJo ^j<u_»baj colS*o |*3 jjj jb*bj&,s 
J ^bjj ^jlj_» jjJ ja^^aj ^jiuSbijlS^ljajfcjjb ^Ijj-S* .Cn-^ajO ^-j 

'^£^j ^yljjS*aJ aib>a^oa_» ca^ajb ^£jj^jb 

b »<—mjd ^ aS* ^£aj|^aS*&^ ^a^ aJI.ASb^o ^^ja-M^Uk aJ &^l^bj> ^^ja««^Uk 

juwjftj_»a^ ^ jj-^lj^a^iU ^£jbj—S* dLJa^ojS" ^*Va_) ca_ta»& ba«S*a»s^*j^u4^L& aJ 

.C*wLLuja^a^ jbp ^jaj C^u-> jba^a_»jajb j Ij5*a_t Ja*S*aJ 

:Radiation Balance agAJL^&Lu ^jAwjLA 

^-j> ^ ** * 3 ^^ o L^ a»> ^^^m- 4 -j aS^ (jb^L^ja^ 

cibbL^ ^6jboaJ obftijjj (^jftj ja^aJ d jajIj5bb^) c^jlr^b 

^jjj-S^ Jjja^i ^jj—> ^^Sbb-J ^*ia_» c^jdJ ji>jiL_» 6 j^jL& ^Sbb-J Ojj_S" Jjja^i 







J&Lj J 6jJJ 




jLfc a«tjj . jLf^b Jj i jajI j4j Jjji Jjjabu L^jO l£ 6 j 6jlja^dajfc 



CUj-On-w) aj!^ad*6^ ^ad bji aj>IiA^^u-o 


:jjjLA ^i-u (j|j 4 -£dj 

^Os. i l u * - 1 ^ad ^wJjJ 

*l£jO a _ab*di 6j6jj_> a_I 

-P 

15* aj L^5bL» ad 6 j^u ^ibbb^j 
. &^aJL*jO l^a^&ad^aj 


^jjjclJ a5* ^ojajl j5^JLj> ad a*JL >»^j ♦ jLtwU ^jLwjJjJ (y&LxJ iSjA&bj - T 

^jjJ^ {^ > ~** k * m * ^Ja5ad ^ &jljaj*a5*jaj ada5* ^ 13 ajIJ^Jyjj <£ 3^3 

. &jlja5blajb 

j_> 6jjjLfc ^SbL-J jl j-4^ ^1 jSw ♦ Net Radiation^Jj^LtSbLu 

a^5* a^jb^ad ^«j ^6^ajl.A^M» * > j5* • jL^b ^jLbJj j^ 1 ^ 33 *% 3 ^ ^ l ^ s ^‘“" 4 ~ t -9 *£ 3^3 

Ufijja_^ ^Ija^ j ^j6j ^jjj cii^ J OJ^ j* a^oLob ^aj&Jj 

. Cu 15*aj ImLwimj IS* 6^ IwL«_cu 6 ^ bo ^ J 15*a^o^ b & 3^333 ad 033i |*da^kaj I i ^S* ad 

^j—) ja,Mjjau ^ Cwwjj^ 6jauI^Sba«^^L& bj jb dllib^i ^Ijjjiau 

.jLc^b ^jbiJj Jj 3 ^>jt^ ^^>>m)jl*j Ja5*ad Cw^ o » JL.^5*au ^ 3^3 Jj ji^jL& > 

^^Sba ^jU a ! £33 ^ 3 ^ * S* ^ww>J-^ 3 ^ 3 a ^ ^ * ‘ b j a .,i^l ^a ; 

^-j ^ S 3 au I J>Ss.m^- i ) ^ jjbj 3 jz>jb $ ad ^jj . a*ja^& I ^ ^3 aj I j5 b j w » * 





















7 0 ^jL —) ^£^)J L ^ ^gJbj^Sc&£ ^ ^ ^ l^p ■ * (^ 4 jL>^Ij ^aj (<»--> 4 j>^-»o 

^4j Lj>j Li 3 ^^) ^*^4— > .()A ~ Y ^£iL-I—>j) CxwJfi ^ Cwjjj ^ b 3 &j ImOs_w»w) (^j^L* b) 6 ^ Ljj LS^^^Lj 
> ^>J 6 Uj 33*^3^ ^ ^S>QO — 1 Ijulo r ^ 15 ^b J&m<m*m/$ l^-O 

J Ij—} <S 6 J^ 1 ><^»*—«^ (^LwJfc j*4*-S) (^jlj^f Cw*>04j a_jj_i Cjj_LJL_j4^ jL) 

• 6 (<w*JLmJ aSs-O ^&^4j Ia5\-w-w>) 

♦ Energy Balance djjj <^SjAw$U 

^oa_lI bj£.^ <£^333 LO-kj IS* 4_»i ^ja«oJj^> ^333 aJ LqJLuj^j^o 

^a_jaj ja_j ^3^~^ 3 ^ jlS*&iLo 6 jj ^SsjiU^jUfc C Ijja^lIjajb4^j4j J ^j&j 

iLjj oLS*o jj 6jj ^aOxO 6 j c^_»o > 3 ^ olS*o ^ajaJ ^jL»j ^Ojj 

l^a^_t ^jlwL—6^j \j iji-MJ ^£^& 5 <£ 3^3 aS* £^ 3 ^ 

^£b33 £3^3 ^ 4 «_S*a*j (>^g-Jb$ ^y>^—«J> lj—^pu&^L-i j» 4 __> .^jjS'L. 4 »L> 

j»*^fa_) Ij4_t OaliDi ^ V <<O i J da ] j^ 3^3 jJ b 3 bj£^ ^ £^ 3 ^ IjSsdOw* 

Cc«—jO ^1 <<' b^a*_1 v, * 1^S *b » ^Jjb3 *L_$* I dal. 4 —’ 0 **—».o 3 aJ l—• j £^33 £3^3 ^ 4 «_$* 4 _t 

Ij 4 j Oo^S *'b i £3^3 ^ £^3^ 33J jL^S^U olio L5 ^oaJ aS* ^jaO ^^LiwlS* 

^1 ^^0 j&£ i^gj\£bj)\$^ <£ 3^3 3^33 <£^- 3 ^~^*j\ jfi 

J*L_ 4 J bjd^Cjj£b$ 6jIjL-0 ^jQj^£ 3 ijajl^SLO—O j (^j-L0L»4^j 
♦ ^^mj^jb $ b33 ^jI £bj&£bj i^p*>^ ->l_jlS^J-^ c 

^£b33 \^£jj ^£- 0 ^ 5 * ^jL»i^J 6 ^a»j|ja^Ja»& ^a^Jj^jL^ — ^ 

a_$^ <^ U j 4-$"6 ^6 ■i jjl^o^j ^aisj b3bjA**j ^Jb ^jOw<j 3&£'^j '^3^3 ^£333 3 











^ 4—j-» ^^«wLJjj b^ 4^^-!Lj^-*Ii 4 J j^Jjj ^Jbjjj^j 6^4j!^4^J4«& ^£4^Jjj5"jL& 

.6jIjL> Ijjl5"fijjftj 

•l5jO l£jjj j (Solar Energy) &JJ ~ Y 

. (Infrared Energy) c*I>ojO a j4j j ^joj J 45" ( j4->6jj j4j -V 
4_1 ^- * jgL-S"6 ^ b^b^ L_> 4__1 A*^A*jbj^ ♦ (Latent Heat) b^\j L—^ ~ £■ 

Cw* ' t : J 4_1 cii.< —/<*'4 j d^4_)ji^j |*54_&4 j ^£jJb4j ^jDj CjJ ^^-w>4»Ii^ J^j b^ 4^-w>4«H^ 

. (|>4^w ^ ^-*Ii4j) 4 J lj4Jb45j4»j ^*^4 j Ccl^bo 

^jjj jlj-JJ 4 J 4^_)6jj l? :jlJL 45" ^jl^ob (Sensible Heat)jl^$slj ^*oj45" -0 

6^4*^0^45" ^^u4j 4»J ^ 4*j C 4 jwL) b45" ^^J4»& dj blj)4»&45 "j4*j ^ <£^J 

. LmI ^^-04j JjJ b I^5"0 ^ 

4_> ^jJdjj4^ C 6 jj ^JO^5" 4-J 4.j4Jb ^5" ^Sblijj ^jJljjj4Jb — *\ 

a£ i^£A*j\jdSbj ^4j LwO 4»J C ^4^4(45 ^£j4^*JjlS" 

. (6j4jjjjj^L C^j_)^oJ4Jb C 6 j4j lj4^j4Jb) IjJL) ^jLo&jbob 

^4—S"l^4Jb4^j4j ^ J3 ^Sb)4_M,ij L& cJ^j ^45"4J 4j!^ 45"&^ ^4j ^^**Jj15"4j 

C*« 1 ^ j4^t„»i4>j45" ^-Jj5" 4^_) ^—)4«^*j ^5—>.,>. 16 j <w O j5 *6 ^ 45" ^4»kj4u 

j—> ^XjjLj> jLm* b <»d4b5"o ^^bj^mJ blj4-JS>45"j4u ( ^4_Ss.jjiU 6j4_iLc**b 4 J 15" 

■0^ - V,J44jj). jLf^b ^6 j4jIj45" 




J&Lj J 6jJJ 





^ ^ ^|^^&45^j4j ^jL> 4*jL& 6^4j Lf" 41 U ( ^/<w*JjJ-9 

4—1 4-_S*4—) YO) ^jbf^b Lsjj Jj—) 6^4— <mJj&£b 5 6^6^4—&^j4—i |^4^-l4Jb ^£jb>^5"j^ l ij4Jb 
I J^jb ^jJu jb^Uui J 6jLo 4_S* ^4-) (45*4->*\^) j4 J <(<JjO c5JJJ ^ <b**j ^ J Ij4j 
jjjiLJb j jjjJ_ j j jj ^J—k 4 > ^*-ij_-oJ4Jb 4 > m,i 6Jj4jb lj*L_& jb_) (4—S**U YY*) 

j4—j j IIj4l-& 45*j<U i^£bjj j— 1 C-wo6 i ibj ^jH)6jj 4 jJj C 6jlj4Jb45*j4j jb ^_£jj 15* 4j L^JL) 

*(*5-9^ J~9 4-<—<^>6 i ^ ^£j-*o 6 wL<«J 4^& 4—)45*4 _i i*\ 6j4-» 6^jbo 45* ^■w4.£/4j 

^6^4-iIa5s»<» * i ^£4«^*jj 4—1 (4^_$*4*j ^ ^ 0) j c»7* i* ■> 

CJmLoO j ^jLjf^b ^jb-ciJj jb 4jl5*&i 6ji (45*4-t ^) cOliO CXm. 0 ^4j bjd^ujbj 

6^4—nX 1^4^fc45*j4-i 4-1 .0*-o0 ^ bj -? 4»k45*j4j ^4—j 4-w<^>6 i ^4«j (45*4** A) 

4—) C^^>6 i bc^ b bwJjj Jjj (45*4-» £r * ) 4 j C jj- 1 ^4-w»^j 45*d ^ (45*4 —t \ * * ) 

. 6^6ji^4Jb ^6^4 j I) ^4^jj 4-1 (45*4—) Y * )^ ^6^4j Ij5bb-w> ^£aSs-)j 4-1 


6 ^4-1 (4-_5*^ ^ A * ) ^ 6 ^ 5 ^—) jb^ (4*^*4*J ^ Y S ) I^j4—&45 *j4-i 4-_5* ^)\-«—«-)6 ^ 6^4«^o45 

4^ ^ Oww>i i (45*4^j H) 45* ^-)b—<-& (—->j^5* Cw .O ^4-> c^M-^-bbfti 6^4*jj4-)4-I Cft^b 

























^j V) jlj-Ssij (JOj ^bS^jb^S" (ja^SbSj ^ jjjO l£jjj 

J —) 6^j4 —> ^g^bj ^33J I (^— ^ Y^ ) ^£b^dSm*—*j \^ ^3 .(4—S*a*j Y £,) bl ■** 

a > fij‘OjjJ^ r > j jjjJ |+J<Lk4j j ^Sblajb j jJjbaS* ^^jl5*6jb^^5 sjj aj ljajbaS*j*U 

i^gjbj j^Lmj^l! 6jj ^Ssj^LujjUb >j5jlj^J a5* a»j ^£Jj6j ^^U^LmjJjJ ( j^Lj (\J ^^) • ( ^*' v -*j-^bfci 

a^S* l-L-tj^S* ^S*a*j6^boa^I a*j|^a»&ji^b )l_j ♦ ^JuaJ").<w<ujS*6i J*«Mja*jaJ 

(<0 l$*b^a»w—> ii*bJL-c J ^ <—J IT b »Lw) C wO ^ 6^aJ*a_t&J^aJ J 

:(JL ) JjASoj ^djj 

jLoJj 6j6 (V ♦ - Y) ^g^Juj aj . bjj> ^aj ^6 jj j ^jL$~<ui6 i^gbjj L^J^ba^ 

C J«)J»k Ii>L) LS^^LoaSnJ aj>_jb aJ <^J3J^ ^33 ajL*— > 6^Jj &S 0 ,^j6 ^ 

j5j^_) IjA fe C jj^_ Lmj 6 W ^djj J_1 1*1 ^ > Si jJ l ^J* 1 ^ * “ib \ A. \ ^gt 4 ^ (^4 * * 1 

<wJj^""^) 4_wUO ^ Cljl—S^Si ^J^-S^ ^"£_J 4 j I-Os-WM—w> jlyJIS"6jaj> 

^jL-»J JjJ*JLmjS iaj i^gkjj ^g^LjJ^J c jlS^6jiLy«^0iL> jbjdu ^g (j&LJj&LJ) jJJ^^J ^Lj&aJ (J LLL& 

C li&JJ MJjU& j ^aj* ^jjjj ^bbo ^Jua^aj . j^jL^LmjS iaj ^6 jj aj C*IjO 

^jj^ 1 &j^ a^jLos^Jj ^a,^>^bab aS* a-o s^aj ^Lo^^^-^-Mja^a^o 

j ^aL-Sbl(^^jb jlj^ aj bfijj aj aujljb> ^»aj c 6jaj^u6 ^ j»aS* a^Lua^Ij ^a^>jbaJ 
^ .Vijjpj j jjlS^bjdi aj a*j (Oceanic Circulation) ^ja-i^Jjj> ^j^Lm^q aj> 

c^jya_Db UjlJjj j ^Ljj^ ^jjaLj aj a^ aL-j (Atmospheric Circulation) 
^jj j— 1 . 6jj aJUaibo Jj 6j 6jj djL u bjj-> aj 6jj j^LLLm.'!j5* aj cruMjfiAiajb 

6^ aSbw-j^ >ui a_I 6^^ ^ a^6 jboL ^jb^ ^jb (jbbb^ ^^3 bo ab 

•(JjO Jj 
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iyijAS ^4Jj 
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ouJDjaJbSaJ_ j 


^ j 
^ l j 


. j^un_v_ 
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* 

. j j__LJ 




-L^ui) 



UJJ>UI 


J _9>^ 1 


n -M : jJo 1_ 9 


( jDdjji' j 4j j j jLLuSjjIj 4j j . LLu j jJ^S 4j ) 
















iyijAS ^4Jj 




^ ^L-S^ ^Jbj^ • ^ ^ L-. 4—OjS* ^^™Lp> 4 ^* CU-y-j Ij 6 i &^4j j&S f^£dXj 

L LS*J^ ur>\j-k ^ c^ 1 -^ O^ 1 u 1 -^ ^ 6i uiW yj4^j ^y ^Lujdjb C^j^6 i 

c < wd.' ^ ^yIj) * * ^a\j .(Sensible Hest)^!C wjO ^£^33 ^ ^ 3 1y-^b 4 jJ^j 

^S*4-t6ibo 4.1 ^jlS*6ij4S* . 4-tfiibo ^£4«Iy> ^y ly^ ^y ly«—> l«Ly>4j 4^* ^J^£"bj Ij5s-w > 

{£3^J {£333^ 3 1 1 <..**+)£*& {£bJ 3 . I• ^5*4*tfcibo 4»J 6y LJ Lj4S*4«o II.A*o^4S* 

yj^^j4_ft bj IlyS" C lj4Jb J£j ly£*& ^ 6^4jt4j Lj 4S* ^ yy^j4«& ^£aSs-)j 4 J b^^j 

• b 4 ^ LT 1 ^ fJ 4 *^ Jj fi^jljli" J y <SsJj£ L ^.jj\ J ^[j bjb (J-oi-l) 


.c^-jjjIjo jj-j>jljj> ^ (Thermometers) JL-oj-o^ru Ij 4 j& ^^Ju 

yL_ ij L»6jijj>^^—» . ^ 0 ^ VL«mi G31iI eo *l_»^LJ IS* L_> lj yijj 4 7**oyo <£ 3 ^ ^I^ 

j jlS*4b_ci ^yLLi* ^_> o*v» i *_S* a«jL&j4j l-L— < y LS*45 sT... v >j 4«J c^jyj&ojlS*4_) 


F-\C + 3 T 
-1« -90 -60 -*D ■ 


JH> - 3 } 0 “ 20 ] 


-7B -60 - 50 -*0 -30 -» 
CriwaMih C^\<F~lZ-> 


-[0 


I 


» 00 300 EM EM E&0 LB0 


IO»^495flS)7DIKlSO 


s 


(StK.\1 N <!□?,. H/VV r Jl 4sJ| ijr J^«t5'^ 1 fljLi H*J ff” *") 


jL> 6y« *m> tjjb^J ^ ^>^3 &S I I \j£ aSiJaXj ^J^33^33 d^UjjJ L>WmC 3jb $ jLS^jb J^JJ> 

. (jL^ m» > C w &^ IjSbo 15* ^j^6s£a .^jIwLo 

Ij-bjjfiJ 4-J j <iJL> j (JjO c^JJJ c^°J^ *(^ ) 

. li j£l*ijJJjJ dj ^yiLy IjiU 


V* 



















iyijAS ^4Jj 




: (£9*3 iiiij jJj £4Jj 

Soil ) Ijl£1> 4 _t (Subground Temperature) j—j'} ^ j<l J> 

* * J |t—MjO * 0 ' • ^1 jj> tCJj^ooi bjljL> Jj (Temperature 

I ^ ^ ^ ^*4 ^ ^4 ^ ^w' ^0 ^4«Lpl Lj^ ci-3^ i^ 1 : ^3 l_t4^ 

I^ |» i ii C * ^ ^V-.i: L j 4_1 ^l^a Lj 4_& 4_Lj4_ijJ_) 

4_SU .0^0 jjj ^Ijjj c£jb^^ J 4 *-^*d ijjlj^ ^ ^jj^j (jjljL^> .cx-CCwob 

(C*bC».9) lwL>b-t*^ ^ bCjft^j Lwo bo d ^jI5j j jb <j£d^-9 

^iSbjjdb-CaC <£ 4bu6j4C j4j^J j4Jb . IjJCjLk i^£jjbj d ^d 6 jJ^jLuj j L^JJJ d 

Jj-j I JjIS* 6 ijl—t*i ^ ^j>jb ^d 3jij-^o ^ ^jwLjfi^Lwobo ^boj^d* ^^d-» ^SJ^j jJj 

.Co»jj^j6-uJ<ijb IjcLLj jjj-CC><ccct-C 

^ t i .. <J^j 1 ...A 1 ^j ^L-Sb j lb ^L> LaJJ^ i ^ cJL> ^4—u^d Loj4_^ ^4-Jj 

^Lo^dj . b jJj < J‘L$ia£ j jjjj cJdjjj ^^-c-bjj ^^ujb^u jiJb">d£ 

<l£ jt-JJjj ^bjjj (^d/^) ^dj jCj Jj <jdS*L> ^jjj 

. d^jdjb ^S^b-Mj 

♦ £9*j £9JD ^Uj 4£ £4b 

V ^ 

<.6jljLj> Ij^-jb ^Lojd ^du J (Ground Temperature) ^jjj ^bojd ^du 

ba-a-i Jh^J jS* aai^>6^ ^b^^^ {£33J (^bo^^.5^ 

4-J 6d^J—’ bj^-Ci 4-J bojiL-^ . bjjj 4Cl5j jj^Jb j bfiJjjCj (^j^j (^JJJ 

\-Sjj-£ cLj ^4jL>jb j^L-j C^jLjb ^jj6j ^.d (iJfij jJjjj Ijull^j (Jjjbj ‘d <^jjj 

. cbc ^bdjj_S^ j^d cJdj 6db°jj ^jb-wojid^ ^jjljC^^jb 




iyijAS ^4Jj 




jj4-Jb 4^Jj_> ^4_5 < l»Ljl5"&jj4Jb fijjj 4«d ^j7< )j6j i^jjj ^*0j4_£" ^4_L) U&&jj4_Jb 

. 6^54-»15"6 mL^o 45" I ij jjj ^ ^4*tli 4*1 (^£ij45" {£^Jt^^ ■AS\-Ji ^<—1 

cLj>jb <lJ 0 * 4*J ^jL—>j ASJL-jaS ^j&j i^JJJ (^‘ A -b (^jJjj4j) 

♦Jj bjtCuj^Sb iboj45" ^4*1*; ^6jjj bj^jj-tjj^ j*45 <. Ijjl5"4jbbu 

6j^4_5 < J3J ^5^♦—7' 4-*i 45" ^j4*_& ^j_^j4j 6^4j|^4^»J4Jb ^£4^*Ijj5"j L& >j4*>b — ^ 

.OlS"o iLj ij45" ^0 j4jI j5s.JL*-) 

^j-LjL>45" Jj-j (cib-Tij i) 4 ^*>j-J> Jjj ^6 j^LwLm. ' Ij^ — V 

.45045" ^Jj jljV 

. 6^5 b ^*bl) I^£jJ&4*t ^j^^J4^ I i^S" 4*i 6 i^gbjdJSmuj I^5" IjV — 1* 

♦ jSjj^j ^ 

4*J Ij4»jb ^oj^S ^4**L .<Z*—Jjj^Jb i bjryl-^JjjjJ jb c 5 jLS'L> 4jlMjb id ^^oj 45" ^du 

^^^Sbpj-U-^ 4J 4*jl>^j 45* CujjIjo b ( Stevenson Screen) ^^wob 

l-L»jb 4 J c(Y — Y* 6^4*o^5*6i <£j^j 4*1 (jXjjj^o ^^Ss^yj j ijpj b ^-*5"jjj5"!^4*k 

maximum ) Jj4_»aj4j& ^Loj4_f j^loU 45" Cu^ob ^^OL ^1 IjIj ^^l^ob 

Ufi jj4l-& C6 (minimum temperature) ^j4j* ^Loj4^ ^4ju j (temperature 

^jIjj4 _i 4*J Loj4_S" ^4_L> 4*j|^Lob ^4 *_j 4_tJj . ( jI<«Jjj_j p*l4_£4j ^jljJLt Jj (Piche) 

■oj~i 6i l£j 6 3 ^ j» ^ ? fl 





iyijAS ^4Jj 




jh—<I i 4^ljb> C4 —*j dJcL-t <£ 3^3 <£333 <S^ 3 ^ Ij4,& ^Oj^S ^4ju 

Jjjj <£^i <j\j-^P cC ^ji^ 6i (JjO l^jjj j lA 4 ^ ^jL j Ob' ^ 4 j 

L^ ^1 j5s^w> T 

^iplS I jjj ^ ^-Juj4^4 j I^4j>^w> |^j4Jk (^$^3^ <£^-> L<y J i ^ ^j^jLm,/ <£3^3 

^£4—b c^-«j6^ ^jL— <£ 3^3 <£333 LS^ 3 <£^^ c^-uO (—^6^4j liA^ O »s -> 

4—1 6^4—ww>D i Lj4-»^ I^j L<J> |»4j i Ij-wJ^jli Lb*^^ 4 j ^4jL>^Ij ^4«I . l^4Jb 

Ubjj4_& -iSj^ ^ tJ/^JJJJ ^-UA^jb 

jjljL> j ^—j jl. » i _o jj^— a ^ jj—i 

. 6j4jbo j*4b jLjIjO 

b^i-^jjj^j b <£^ 

(Radiosonde)Juj-^j^ollj ^£^Oob 

4 J 4-t ^L>jja£ COjjj^L> 6i 6j6 

j (Sensors) J^jb j Jj>>^-> 

-5 lj4Jb Lwm. ' 4») ^* 0 ^£4b> 4^4^j> 
^jjb4_i 6 ^1*0 Lj ^4j CCojj^Jfi i ^Oj ^bli 
^jb^L-* j jLjf^bjj 6j4 3£^b^ jj4j 6j4jjJL 
.(r-r^jia) cu/o jj ciJjj-Mj 

I J—>fi j4jjjJjj4j ^l^4_I 4——S' 6 ^L° b 
^ ^- *-* • “ 1 j? ^ b~* * l ^Ji^b4_) L < wwy ^' 6 aJ4^ 

^Ufc4—>j (j^S'oj&j 4j|jbob j4j jjlS^4»wLw0 6j 
CwjjO 6j4-u6j6j ^£333 j4^'ojLojp !ijljb> ^^jIjj^UjJ lj4Jbjjb ^jb'&jl^jjb bj^Sbj 

.*5T * ^4^w>jj> ^jljj4jb oIS^jO 




vr 
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j*4^J ^ijlS*<Lt yjjj *£ ^ajljaj cCojjIjO bj^S^j ^JjiL> ^JjJb^j ^GjdS 


C6J4—M,}i (Anders Celsius) ^j*. 


Ulj ^ : (Centigrade) ^<Uu - Y 


Cd^l^6 3 L—> 1 ^—oL^-w> ^ ^, 1! a C ^il^a^vT,,, <j^a I ^ iL-Ssj Ij^U ^.$b>j*j * i 

.Co^6-Co ^jlS* IjuL^> ^b^fj 

^aJuaJ j (Gabriel Fahrenheit) Ulj Jba-^jiaJ r^a-jlg-J*y^ai ^aJu -Y 

.^L&o ^jl5"au a^^Jib-J jLuLoj ^ajb^fj jaJ caj^b jLo *r 

6jl ^—> aj c L_>j ^£6ja^_t (Kelvin) ^ db ^ L-jIj a^_$* L-&6 j ^a^Ju 1 ^ ^ » — Y* 

Cm. 0» (^j-o YVY-) l—aJ j—j.' ^%a_> aib<»Cw * jJL^fe&^LS*aj IJjLS*Ij 

^Loj^L-^ ^a_L (^-Y) ftjboj ^aJL^> .Co^S*b J>aJ <wJL*i ^l&au cOIS^d-C o 
j ^^a_uj ^jL_$*i 5 j 0 j- 1 j ^_ujjajbaj ob^Oj&i L_tjO <^jjj **>b ja_^aJ j—S* J jjb_D 

. Ub6j j ^aul^Jaj-&aj 

bjO ^jjj c^-^b ^ jb j CA-^aj ^aL (^ -Y) ^aJLt> 


oV^ 

ij^m^j ^aJu 

J b Jr^i 

\ • • 

>- 

( l^) 

Y \ Y 

rY 

(O) Oa_>l^J& jj&ai 

rvr 

Yvr 

(iiJ)l&6j 





V £ 
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>*L_j L-Lk j 15*4__> <L-> ^j 4—>i^ *j6jJ^ 4J ^£*L_b j—> J^jjj—Sb ^ia_uj ^a_L C*j^S* a_D 


♦ ^jJub j-j <0 


rr+V x >,a - o 


♦ OwOO ^jJob^J^J ^»tfU ^4»1 j Jj D J^U->^ul aj 


' >Ax ( rr - O) -V 


^^^—*.!»■' ^jjj —mj a^5* jLwolj ca»iL.„b L-^6^ J?—* ^^b 

<4 i ( jluja j c Ljbdj ^a >ab a i 4 j1>« Co ( jIt_oa ^$*a_-a^b j6 LJb Ccfj wra > ajL,u Sbj 


iUJjfi j_> 4 j ^aj ^bJLkjlS*au 


V+ vvr - j 


. ^ab> Y AA o a»jL waS^ a^j a5* a*j^o.u ^ab> ^ 0 ^£ob ^1 <«j 

IIw^.'b-Oa5* ITa5b-^j^ aj l^o&j^b > bj^Sbj ^aa>^o*/ jly^oja^" ^aJ«j 

^->Jja_> a^jj ij5^ ^aJa^iaj IJJ 1 ^^> ^jlS*aa>^b ji^^oajbaJ ^ >b ^jb ^O ^ aj a5* O -' jj^js^ 
j jij-5* jL-mjLj j jij_S* jIS^L-mj J-j aJOu—» j^j a5* Coja5 *bJCLujb i 6jbJ ^1 ^5* jbjj^S ^jLojp 

jL> jl5**L_)jbob a_.ijjajc <u_»b ^i^CjLojOjb ^LS^JJ aj ^a^oaj jlbb 

. LojaS* ^aJu ^ICbb Jj CJ5&:> 6 jj> (Isotherms) jL5*a_> ^Loja5* J 1 I& <^o 
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♦ jLS^uJjL^U <U JL) <UjLj 

^^L-5n— a__l <wOj^5s-<— mjS i L^o^-wi Lj 6 ^a_^ bo Lj ^Lw) Jj^LC <Lu b ^»a«j i 

♦ 4^0Jjfi^ajb ^bo^a^ ^£a»b ^ bj&jb <^£a»b 

^Lojaf ^aJu 4 j ajL*S"aj aS* (Daily Mean) ^jaf ^aJu ^ajljjj ^jusjb - ^ 

• ja-^a»» ^o^5* (j^ajI i ^jbub j ^boja5* ^ajj j jjaj &ja,& 

^IS'&JlJo jb aj ajL^aj (Monthly Mean) ajl&bo ^jaS* ^aJu ^Juj> jb - Y 

. l-ubbo ja^aj ^pajb jlbi/bj ajljjj 

^IS'oJlJo jb ^i^a_. ajL^aj (Annual Mean ) aiVL^ ^^aJu ^Juojb -f 
^J-J^jb jL> c IjJL^ ^b'iuSsjbo jLoj j^L^a j (jia^b jLJifb j ajlSbbo 

•^a5"o ^yLw ^bYjJj ^fijboj ^^iajb j ajajljjj 

^boja_S" ^aJb jlj-L> t a_» > (Daily Range)ajljjj ^^ojaS* ^jbo -i 

.(iljjJj 6jajb j jjaj&jajb 

^j-Jdjb j_)^jjja^ jlj_jp ^jljL>aJ a_i (Annual Range)aj^fLMj ^&jLo - c 

.(c5bbo y$ jL^)ajl5bbo ^Jj&jb ^yjJLo^S j (c5bbo ^^/Loja,S*)ajl5bbo 


^d^a__iwbj^»b a I &jja % ^S*aj&^ * ■** A 1 s^s^a ^a__*b^j^jbo^ajb ^»a__* ^^o 


Ua 


a.JL.,woajb a^jljJj ^«LJ&jb a^Jjjjjjj cCojJpJbsijlS^L-> lj_Cia^ ^^lojb* J ^^Ijajbjjb 

jpj aj*Vb<M.i ja_ilSbbo ^£wL->d^b j»*^fa»> cCuj-w—^si j IS" l»Lw^jps j ^jb ^£aj|^j^ ^jlS"aJ!^ajkaJ 
ja_S" ^6jb-o .Coj-Ll^6ijlS"a_i 1 ^> j ^oJja-jfc j ^!ja_kjjb ^6jaJLb^5blJ 

^L-<^ ) jajb ^1 ja-jbjjb ^5^a*oji^j>b ^d ja_i^. l ^5bli Co^^6 


VI 
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jj— _> b . ...it a ^ ^ 1 1 -- ^ a_b ' 'j^ s s 'jj ^ \S3 ^ b&^ a_ibbb >) . \m-£bj \^ Lw> 

.(c ^ -> ~j IS*aj j^j 6^a^«bL«jaJ l^ajb^b ^ ^jji_^jjbb*b 

: IajaZ ^jLuS^j ^LS ALA 

-iL_S" Owoa_t4S*6 i dJtfL-»«L) 4 j 15n-V-m.^J)j ja_j (ibJLbjfc a_1 a_JL»LojaS* ^jLm^^j ^15**lLL£> 

+*'A^ Lo J^L-T * ■£< ^Jpjd^) l^aj^ . gQ L^ ^U ^^JaJ L&^-l 

^^SbLo aj jL^> ^Lojai" ^aL j^b (^“^) <J b j^ .olS*o jl^b 

♦ 6^aa^j6i 0-9-2J jbo^uLoaj fi^aS^a^o^ a*J c<^ab&i ^jb*^*j j^X^j ^ 

^6ja^_» ba^jfc 6^ . a^jl^bjjjj j^* < ‘-***^ boja5" ^j b*S*a^ ^aJL-ulj b jL>jJjj ~ ^ 

.ClalS^o |»a^ jbai"Uba^ £ru>?j b*s j^Lwoaj> 

^aJL^ljb a_i b (|»6jji ^jjjjb^) jb_^j J ^jI^-£ij ja-^aJ aj^bjfc jaJ — Y 

• jjS b ^l^ajj-*o tfU aj jjjjj j -L>6^b ^j IS* ^XZSXLj aj c bj^X+i W -JL^W 


VY 
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4—S* ^4jL>jb j4 1 |»J—J ^Oj4—£* ^iL-L mi Jj4—> ^JJ—^ ~ ^ 

j Lw^b j jj5*L-i ^I5b> j^o4_j 4_I ^6j4_j (iJfcj t IjjLw^ij j 4_I ^j^U-tb^j jlS*6j4—w^o4j> 

. 4_)4»& b (^^4 — 0 4j> J wLl^b —)^ 


j jb-^.j jl^JL> 4—1 boj4—aj jli'L. i- 

^ j-i LJ -jjjt>j ai" jlS"bj6j j ^ISb^jb aJ obojjj b ^->jl& 

.fijajlS^fii jjj^jb jJ^ 


VA 




















































iyijAS ^4Jj 




^ya_*oa—» c^jay^y i ^yb^ay^b a_b y^jL »mj IS'<iLw>L> ^->jb C 

.C* 1 jO y>a«Jlj> bL*b j jj^b ^ISbyaa_j 

xC&ji£i \) Ujbl ^jLS^U 

a_S* ^ ^ Y Y Lm,< a_l b*.*.*b a_l ’ a»ty^a»C> ab jb* ^Lyy ^bo^aS* yj j^3J^ 

1 b^^mj ^JJJ AA,f“ b ^jJJ^^JmJ j**^f ,^^-b OA ^jb^mtMm t 

j^j auSybo a_S* (Antarctica)jj-bL yja^—oaj> aJ (Vostok) aJ ^ 

• &jby i (^jjj ^^y-^b aJ y<L* ft Y 4 <y ljj*u aJ j jj^L y VA ^y b ^bLk 

Jja^> ^6 jLoJj j y bjj y f Y,f aJ yaJu yaja*Jjyjj<u ^yjjy >1IjOjay 

a_S* (Heat wave) Loja_f ^ya-b a_» CyyOjb da_j ylj^aJ da_j j jJjo ja_» ^^-Sbjjj 

ya_ibo a 1* * >6 .^ab cj^^wbL—>0 Sj^wu Ijl-ojU 3 a_b wLjd^b^obo y a , 1 ^y b<U>jb 

yfcjaJ dJfij cabbabjaJ ^333 ^yjy-jbab yjjbaj^lyi jlbb J ^^^Ssbab <J b 33 ^ ^^yjyjljla 
yjjfcay jljlja«_& a_b !-L_»jjj bjjja_D a_b b Y * * f^Jb**/ y (oU) yjjb-fc a_b 

j ^yLwjbb ^ ^jb yL^y bo jab* yaij ^yjJajb l&ajjajb t jiys 6 jbojab yabj y&jaJyJjy 

a_I jJjjjj ya_Sbjbjjj a_S* Oy^^ba^ (Cold spell) ijbw ^Jyabif aj <jXjjjjj -L»aj> y&jboy 

. IjuL^j <S* 33^3 ab ^y^Lob^U ^^33333 J Jjfijb ^aJL^LJgj ^yba^jb 

: Uj^ ^LSAii J«4jb 

6 ^ab*»w»j j +*< ab o^ab yaJu b^^j^bj ^333 yi^ab ^^y ba*aJ«A 5 b»^^*— * yjl^bj> yy&aj 

a*b ***A*jb 5 ^^>bj3 ja_) v ,1 (jboa_t jj^Jb ab* ^abj .C^ub^ ^l^bj> y 

Lr £±j aJ a^S") («lalS^d^ Lb-w> Cw.oi 6 jaJjaiblajb ^a^bjb^Ub ^ 5 b>jb” ya^oaj c^yod»Lbajb 

j!Ij^ j-j> <yjjy j^aybab jLS" jajb y yJuaL> Ubfijjajb .(i^ijlt jljf^b I-Lod jji 
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J djO<d L^JJJ^ J ^Id^Cjb J ji> L^*-P <jb^A &£ LjA^bS bo 

. jijljli J J (Jjj<u j ^jjj j j 

OJJJ jL°6j4j l-tofijji 

• (JjO l£JJJ J^d 

^ISb ^jb ^j^jiLjj 4 j oLS'si ^ S* jj—> ^*7*.,/) ^jJ—j jj -'^Lj ^^jjU -Y 

^b^^j^jjj^j j <Sjj^ |»J-* j^d i((jIS* bj^jj^ o^ j> Latitude^L 

i C ^m .i L ^jbo4-&4j i^£dSj o^S* ^£jjb4«wwf6 i ^S* C 6^4 j ^4^JjjS*_jUk 

ls^j^ <J‘ L -^i j C6 jb^> l£jO lSjjj l^°j^ lS^! lSj^ 

C4_^o4S* jjJij (^—^ ^ j ') (jIS*4—*.»A^»Jb d 

L^M .1 lj6^ L> ^ ^rWWWM^J ^l! *LO ^ d (^£j \j bj> 

^Sjj-> <S~j^ l?-i (JOj cS/f^ hjj^lS ^jljL^> ^jj—t ^-Jfijj^jjj bjjjjj j 

•OJJ^ j»J^ J^jL^-LmjD ^4j 

^jL>jji Ljj6i a_I d-jjj j jba_S ^ISdj-jb :^jU)d^ J bjd^ A) - Y 

^ d {jpJ^~a6*j C^*Ojd* ^dj Uft i d* i <_sAj° 

^£j^^*JjlS*d (jjjlji jjlS^A—Jjd* ^bjbji—) ^iSd-^jb > . Sj4 V * * * 16 ^ lj—L) j 6 ^ * **1 

LojiL-S" ^J-JJj ^L-> iL-S^ JJJ—J> (Continentality) ^jJ^S j^jli'j ^Ljo 

IJjLwujj i^jjbj Loj4-uj ^JjjJ j i^£jj b j 

j4_f j4 _^ J ^jj^ ( ocean currents) jJbUbjdJ ^jj^J 

lj-_»J> jLu Co^ 6JJJJJ (^<U^LJuJ id jl> ^OjJiLj . iUajb jls^fijljb^ 

»7* 5^ ^^..7—.<i'ljL . 5^ji^Ssii^L-fe 1 » J^LwwmU jL 6 

A * 
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^lS*Ojljba_S* ^J^J^jLmj jlS*OjO j - JL ^S* ^Ij^jjj ^b*0jljba5* OlS*0ilj ^bjOi ^^OjjiG 
a_S* (Gulf Stream) j»ja_f ^jjljJi^S ^jjaj aJji jj .^L ^ajjb jboajb ja^aJ oSfajbjjj 

^j lS*o^ b ba*.^ ^ajj ^ I c** >o ^jo ^ bjjj^^—> ^o^a^_» o^a^*M» ^a^o ad 

a^aJj^jai" ad* ^ajL>^lj ^aj aj co^ajlS*oi jj^ ^£a,b £■ ^a^^jjj bjj^a^t 

^ C C ^L_j ^a*JjL) J^L. ^ISb y*±Jj ^jV<LJbjjj ^jlS*ojljba^ aj ^L_j ^ajjb jLoajb 

•o>l 

(Ses Breeze) ^^->1 —>jO ^a. ~—;) ^ja_S>_ijl5" ^jL>jji ( _ji^JlS"Bjljlj45" iil_i_p t ^lS"4j*jlj 
toLfo L ^oj^S ^ajj ^ d>lS*oJ-Jajb ^6ja^_i o^L-»jOi aj bjJjj ^ ad* ^j->oi 

^a*_$*a*jja^jj IS* . ^jlS*o^bbad* a^>^L> ^*ojj ^ ^jjaj ^*-»aj ^ubjoi ^ajLcu ^£ja^jjlS* 

. I.AjlS*a«^aj ^Lw»jljbad* aj>jb aj j*d*^ * * aj j-»b^ ( < _£- , b-2-9^ a->LS*oi 

^aJu ja_^aJ ^jaJLjlS* 6jja_f jjj ^a^o^I_£aj The Winds boJu >jj : UdJujJ -$ 

^bfiJ-Jjj .olS*o«LJajb 6j o jjjjj (jaillLJL-j aj j> jaJL^Jj <illjld* ^j*u_tb a»» ca^ajb Lojad* 
ja_j ^boja_S* ^jlS*aJj ^jjj ^SsilJL»jajb ^j-fcaJLljo.0 ijLw cSbj* ^JIjiwLwO <^b cfJo^j jjd*b 
a_I I Jj b_M. tJ aj ^boJ— i^j . bjj^a^j ^jj^lub aj ^j^uj aJ}lS*ojJajb ad* ^a_»a^>^b 

. ^jLmj ^bjjj ^Jjfc aJCuoi j ad**dL> IjJ^MJjOjb ^bjoi ^a*>jb 

a_>jb aJ (The Khamasine) Cn-^bad* ^bo-Ldp doj d-£j j ^jaJ* ^boJujP jdVau 
^jjj£L-> ^IS'a-^jb ^boja_S* ^a_L ^oj*LJo^djjau ^jJ&aJ^Lioi j CalS*ojJajb d jajld*a_J»bbj 

^jb>jji jjb-»j CwdjOjb ^aJL .pL JL- .t ^jl5^a-j>jb .Cw^ljfijb j bLjjaJ 

01I ^ bo ja^" ^aJu a_I <>jS 's ~ j3j b ba> ^^wwj a»j&^aj^w>&» bo JJ»^j 

^jJj ^IS^a^jb ^ ^oja-oai" ^jlS*a^>jb ja^^aJ boJj^j ^ja^jjLS^ ^Vau .^jLLmjj ^ 
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. b ^^j^ab Ld-LjijJ l$*a«jJj^LC ^Lw> b ^£jjJbaj <iJ^-t-»j jjjj 

^b ^£jb*jj^iaS* C^-o6 i I^ajLS*6 j^L*^wQ aj> aj^jb ^pu&^b 1 

j ^*oja*b ^ab»i ja*_^aj a^ajb (Vegetation) b&jijj ♦ — o 

L^JJJ ^^ j lS*aJ LLwjj I i aj>jb ^ja«ob 4 j jlbfijlL ^Jj£ ^ <^->j b .OlS*6i iJ^J^ Ij^Jfc 

^4-jbd>6ji j4_j *Ljjji .(iJftjjj ^4 Jjjj ^^Sbaj^jb aJ J^J JjGjLLoLo fcjbojaS* ^ab 

^«*o^aS* (^abt oa*jj Jjj b 0 ^^^ a*ja^k «-mj ab 

. 6jajlS*6 i 

4 _jajb ^jaJLjIb ljba->ai_Jjb Jua_>a_<( Topography)^^^ i i£i>^ -*\ 

♦ bo^ab ^ab ^a^jb 

<Jjjj ‘b ^ 6 J^"bY 6 ^ j*^P (j*^ /(j-* Ij^bJ jb* ~ ^ 

. ^jlS*a,#oJj ^jbwlifii a^>^b b b&^ 6 A*>j\j b bo^a^* ^£ab . bjfi i 

^aJu ja_^aJ jUb ^jaJLjli" b a^aj* ^jbo jlbL> ^bib ^a^Jjb -o 

JIjO <J b J-^ b ^jj_bb ^Jb^ab • bjjjjj J -^»6jb ^a, lt°j^ 

^j IS* ab b i a«9 a—I &^a-ba^wo^aS* ^a_b a«_tjjj c&jn^aJ S3~) I^jj^ a«) a^-wpa^ 

(^jjj—^ b S" d j_j a_i £*>bj ba a 7 ^■Tuabajl^aj^r * > iajI^a.^.^_<^baS* > 

•0 

a^_^j ic* ^^ ^jlS^abbia«3 ,^i ^a^b t ♦^jlS^Lc> ^Jbia.^ ^ab — ^ 

^C-jo ^ L-^j jL>jj> ^jja_i ^a^;;ijS" a^ ^aj ^jba^aj^b a^ ^ajL>_jb ^a^ 

a_I ^jlS*L»«j> ^^a»l 6^j6^ ^£ja^»jjlS* i*^ 1 *^- , L^a^oil^b b &^jbj ^jbwo^a.^ ^ab 

.(^ C - V ^bjLZ) ) cbaJ ja_^aJ bfij bjjjjj j Jj^jb ^a«LlJl^u 

AY 
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.mj I^S* 4—I ^^b*-w»t.u4jj4j Lc> fii 

15* j*V4_) . ij Lmj ^ b& -LJjJ ^j4_$\Jj IS* 4j jLjUfcJ IS* 6*>J b ^jj i^S* ^£j I5j^j b j£j j*lS*6 i 

^^■£^—*■.06^ Uy j ft ^ j»j^S* ( LGG SidG) ^S* 4 *j IS* D jJ^k bft •Lf^-’ 

^bfiJ-J^j dJfij cObS*6i ^_j ijjjj 4_S*b&Jj^j 4_S* ^4jL>jb j4_j <£^*t 

.^Sjjj (Chinook) ^ c-b^j ^Lc> (Fohn) 


j —> 6j^l_ij6j ^jjj *l_i6jj ^DjgLLL-M. i IjS* (jjl^L j :Latent Heat dj!jL™2 ^djj — V 

. I«L _^bj ^ ^£jb (j!^-*- , ^J 6 ^ 5 b ^jI^J^S* cl 

^jL> ^^jljJ^* ^^jbS* Jj-> C^-cu6i^J j jjjU Ow. 0 ^£j{ (V - V*) 6jboj ^ASm*!L> 

. 6j4j IS*6 i jjjj I ij b 


IsJiijtj <jjt >jJ sjj f\jl^j}}\5 '\ ■ • ja 5L>P (Evaporation) jj_>j ^aaaj 
J^j CojJ^j J^j 4-tjjJlS* 1 * 4 4 j jb p«S*^ <^b" ^tfUbbo C<^ wwL ^3 LS* ^ 

bfi-LJjJ . L^lS* 6jb ^-<J*L_k *L-I C*—1_>6 i jl j_S* jj<L^ jb-t fijljlbu j^j Cjb ^<jJ<Lk 

> btfLJS> J —> ^Sbww)^ ■**' jjJ D^^Sbww)J ai'fijb ^■ob^Jb ^ 3 ^ ^Lw 1 1j5* 4 j ^^Lmj 0 jJ ^*Jb 

jLj ASZ—>b i (^Ij—^/^jjJL.^ *\ * *) iUfijIjb-^ ^jj ji l_j .olj—>jjj (Condensation) 

. ^£jjb4«wwi6 i ^ l^4Jb4b*j4j 




iyijAS ^4Jj 




) jd> ( )jLp C^bb^J j (+) i4j JfijIjL^ jOj (^“^) 

(Anthesl997 


JOj 

6 ^ b btj 

OljJ—^ 


A 

J 

V ♦ + 

jb ^d<*Jb 

jb 

(Evaporation) puwu 

+ 

jb 

jb ^d<*-b 

(Condensation) 4 

A • + 

jb 

^]^Jb<Lw 

(Fusion) bj^\jj 

A- - 

Jj^Jb^Lw 

jb 

(Freezing) 

1A- + 

jb ^^d^jb 


(Sublimation ) jjj> blj-ub-u 

°\a- + 


jb ^^d^Lb 

(CnAP) (Deposition) 


^j( f l J I “'A-) ^J—> b $jb 5 bjb (V t^) < M« > 


.(Sublimation) jjj^>blj<ub<u ^jb c^oaj ajIjLb 

bj colJj—' ^jb «Lt ^Jbj^j jb ^d*Ub Jj Jj-&4-uj *d Obftijjj <idold 

(Deposition) *** * > ^^b j-£ ^jd^d b^-fe4dj^> ^_d c** >6^6^ ^pu’ ^jbo^-& 

iUtfUjJb j<Lud .O U* ^jb 4 j Jj jb L ^d*L& ^1 jjSbj 

j 6 j^jj^j-> ^Ld*jb^ ^ jljb j J^^-i ^^ujbb ^pd a.*oj<d Ij^jb jd 


L$J-^ ^44 : cA^ b ^ * 4 J 

<-J<^->j*q *L-> ^j <-jl> ^d*Ub <U4jljd j 


J ^A* ) J ( + ) ^Ul* . 

j c«(j*J ^ *jU j^> ^s? )<wO <m 


i'j f-zi ■ 

cdLw 


At 


•(4^j 6 j) -(ojI^J-P 
















iyijAS ^4Jj 




Cw O 6jljU £bjj U 1 ^^ CH.j4b*fii ibj Jj 6 jj 4b* jjj> blj4Jfc4j 

. liftj4j| jJ J cTU*i4j ^jlb*6jb ^ (^bjjj iS^ 4j C*I>6 ^ OwjO jb 

C I wLo l^buJj J ^jb £j^>jjj jljp fijljL> £^i ♦jl^j 4^j!^ ^p^Jb -A 

J JJJ-J ^ J L* l^**£ij ^*^4^ CCuJi ,2 ^3^ 3 ijb*f 4*J jb 4b* 4*jfcj4*j l £u^O^J ^£j»k 


♦ 4j4j lj IbjJk j4j J»I £jjA**a A*j C4«t!I j^> ^£4b*4jjjj j»j4b* 


^JO^Sboj^Lb* J—I Coijb^4_) Cbj4_S*6i ^Ibb^j j4j 4b* jljJ-o ^jJ> ^J&jj £^i333 I 
^£jj&4^_t 4_b* £^^^33 6^j j4*j ^£333 (<ib»^j^o^bo Jj4j*) <ibf4J jjj ^^^LJIjJjJ 

b^LJb I ij L> J cibbww* j»*^f 4 j . 4^ 04 b* <jJ ^j*^fj-9 j b Jj i J&J Ij^ Jj & j^Jwjj IIjb*D i &j 4 j»\j b4b* 

4b* c bjASZub ij^b b ^j jljljJ jj j £ry> ^ fij&jlj^ dSZj>b ~ ^j 4^ 0 jb^Mj 

• C<wjfi ^ |»j4b* 6j4 JLj^^J 4jb ^£jJk4j 6 jj ^6 j4JLt->» u Ijb* ^Jjbjb* 4j 


jlb*4j jjjj |»j4b* Jj j4««j 4j lb*6i 4b* £^^33 3^ £^333 < *T > 

.CbjbLfcfc ijlb*4j jjjj |*J4^4j ^Jjbjb* Jj jlb*6jb ^Jjjj 4jlb*6i 4b* ^4 j&Jj j4j £<L>JJJ 


i^° 3 ^ £^i £* 3 *->^ jj^ £i l /^33 * Specific Heat ^jjj> ^^ 3 ^ £ 

4—jJj> ^*oj4b* £ 3 ^^° Ij4j bj b 4 J £ 33^3 i^^3^ '£ ^b^b ciJ^j jb 4 J ^»ljS* ciJ4»j 

<» bL,::.'j 4_1 djji >j ^S^4_»6 jj 4j jb 4 J cibwO IIjS”" 4 »jJjj . I^LoLSblo^ 4 J 

Heat ^UI^j 4^*jj-j> ^~i ^3 ’bj^S* ^jb^bj^i j L-»j6j ^- , J^ 

d*3L)jJ ^jjL wOjtfb" ^ b IjJ ^>3 j 4^ ^bl^j ^j^lj4») 4 j (Capacity 

^^L-b ciJa_> ^UbiL_) 4_i jb^tJ jl^ ^Sboj4^ Jj C^ujIj £*jj £^> 

V f / 

j»*^4«) C 6^j4JlS^6 ^4b» (jjtfU ^jb 4 J p-cu ^ ^jbo^j^b^ ^4»b ^JyUjjil^ cJ^Lj ^JjJ 

.6^4jl5^6i jj 4j jj*u V^ cfJl^ 4»J 6jbb? jbo4Jb ^J4b» 




iyijAS ^4Jj 




: Uj<\l yjLSAw: ^jl^Lt?' 

,_^l v —X-y a_i IJ jdiMjjjjij i_^-£> aj Ljo j ^Jjjj l _ r ^-b aj sjaj 

Environmental ) a_?b->j ^ja_f ^SboaS" ^1 ^Sbo <l> c^oli V G) 

a_J ^a_L j iab a ,> < *<* S* I^»a»j *<wojj&i^b (Lapse Rate 

. lijI-CLtii jL <j!«£/j ^S"a-t l^ajb 


coLS"fii ^ab" \ ♦) ^1 ^Sbp a_» ^j 4 _f ^aJu Ibb^j ^aJjaj* aj 

Dry Adiabatic ) ^lja_&aJ Q^ja_^->b) ^SbjL-oa*_j ^^*oja_S" ^a_L ^jljjS" ^1^Sbuaj 

Cwj^ojb a_S" obojjj 6j6 jL_i ja_j ^jjba—. JLa_oaJ .Coj—^bo b (Lapse Rate 

a _>Ijajb ^1i"oja_f ^ja_f ^a_L ^1 jj_f) C*-Ij<ob Ija_S" ^^Sbjb-oa-J ^ IS" & j li^" a_i 

j jLL-S" ^jjfca^ ^ajljjS" ^aj *(I-L»jajjjj6i ^Ijajk JaS"aJ &Jj ^£jjS"jJb aj L ^jJ->a»ij> 
(jja^aJ a»>aJb 6^6^a—6^a«wo6ij^aj l^a^&aS" ^jIS" ^S"a»t6^a 

a^u^-j> c<^alb"d ^ ^aS"^LwojaS" ab^j IS"& ^ ^ bj ^aS"ba*j ^ ^ a*jj^j IS"& ^ ^»a5" 

cibjlS" au .C-wu6Jbajb bjjfijja5" ^S"ajojbajja»Mjaj (^Sbjb-oaS) aS"a_wJa*-»ba-> ^*ojaS" 
!»a_S" ^ >V> *aS"&jbaij ba»t6^a.».»_>& ^ cdabS"o ib->^ ^ja^ !.«*—.^a^i tja_Lui ^ l^a»& aS" 

(^Sbw> Lw> _i)£U_S"^Lw)^Lw>b j^L-S" a$bj_> cCjL—S" & i ^ i_)j ^a^"juwojai" ^a I ^ ClaL—S"&i 

. (C-ww>5 i l-Ua«) jjJ Lb> dbJ) C-ww>5 i jjiia^bbjboaS" ^S"aj&jbajja»^aj 


lSJ^.♦ ^ (^ja—w>b) ^SboLo^a_* ^>3ja_S" ^a_b ^1^*Va_i 

aj JLoa-S - j_. ( ( *_S'/ ( _^° V> jlj^j aL_lj »jljj-f (Saturated Adiabatic Lapse Rate>lj^j 

j lj<LJb C«iLj .(|*-S'/ ( _ r -°"\) **-? < ^^ 6i (^°' ■) 

a^ljfti j oLS"^i ^b—>3 I6 jj 6jaj^jb^ aSbcC^L^ajfti 6jaj jjJj> ^jb^ 
. Ibbij ^aJjajb Ja^aJ ijjljauaj bjljub ^auljajb aJ ji^SboaS" ^1 ^Sblj ^^ojaub 


A 1 





iyijAS ^4Jj 




( Measured Lapse Rate )jl^jaj* ^aJu ^jj^oai* ^1 I^Sw ^ajboaJ ^jbj^ 

^LS** jljL^> a_w»ljjaj ^a_MiaJ Cv . * .^ ^ ^^aJ L ^jIj^S* aj <^*m*Zu u j j»Lod^ 

jLJ ^ LS*6 j Ij L> a_*->ljja-> Ijj ^j ^ ^a_L ^jLS*bb aj . bjrvfl ^ijjj^j jbJ> 

^a_h ^a_S*a—» ^- 1 ^aJu ^ ^jLoja-jb (jryl^—*o d^a^^j 'j^jluj£j^Jj 

(•jj—> (jj-^ V*) ^ja^ojI^S" Y^C_**ib ja«^aj j jjj (^j^ YO) bj&i <£jjj ^-^b ja^aJ ^>3jaS* 

• CXoO ^ ^ jI jj^j ^*0 jaS* ^ajj aJlS*ja«j 

a_> bjrub.jJ a_I ^ojab" ^a_h a_S* ^^jlIj5 \—Lj Jj—i ^jbo&^a.j I ^jlS*a«Mjb aJ 

^L-Oj^S* ^ Co jjSb i a. L’L J L aibj |»a«j ^*Va»i cCla IS *0 i |»a^* &jbj6i ^£jjj ^^Lu . 1 b aJ fi^aJ^jjjaj 
Lj oLS*jo iL»j 6a_> j<L_f ^aJu ^JwJojJu .oLojjj (inversion) ^j<if 
(illu_> ^j^j C^jji (jjjsalijo ai* jbaJ j jl^S* ^jbo c5 £4>jijjL ^Ll^SLj 

^^oja*_S* ^Lj^J^S* ^6jaujajaJ L> Ojb^ <iJa*j&iljb ^l^ajb aj <jJJLL«j> ja^waJ ^l^ajb aj 
jH oi*^> tjaj 1 ^ 2 —>d i a_»^j 6^a_ ^£^3j jjaj ^ajb aj 

^jtjl-Jj) jjjbj £jjj <b jji ^LlojS* j ^jjj aj dby ^LlbjS* ai* ^tsj^ jj>jj$ 

. ( o-r 

6^2 I b Surface inversion :£$dj cSJD dbjj ^4b 

Cw^6i 6ja^jj6j ^jjj a_I ^j^S ^a_L ^j^j^Lj <‘( L y *h^ \) {Jj*j ^Jjjj ^ 

6 j I JL-mj IjS* ^ L_Xj j jiS* ajj i ^ L_Xj ijS* j J>> ***, ■,^ < i ^ L_Xj ijS* ^ IS* 6 jj> a t . O IS*6 »LJo 

.jj (^jJ-cub a^ Ijajb ^bjdJJLt+i IjS*) 


AV 





iyijAS ^4Jj 




Radiative f 1 

j a_;Ljj> ,jJj—jj%: Inversion 

jaUL^L-Tol ift ijjj I /*<dj 

l»j-J <L_> U^i 3 <JjO (Jjjj 

jiLS ^Iji4_l) oL_£*o 

^jLoJj 
4—I 

^JjijJ i LJ 4 j CwuD i j*lj6 ij4j I 

I i <w^-cu6 

1 8 ^ C bjbjdj I • - - i 

^IjiLk <iJjLLc> ^jI*J<sL»0 4j ^JJjJ ij Lc ^J_^£CwU( 5 i 

4__t4Jb (cfi—CL?) ^S*4__t!j4J& IJ ) j j j j j ^ C*u-L-$\I-> ^jbj ^jjj (ii-»Jj^—I iji—w 

Ltjfi i ^ ^ L-JiJ^S* 

<a'gUft ^ {£j L- 1 4—> > 4_$* dJiLol jj-wv^U 4_> ^pv^— i ^ Lj j j^S 

^ 6^^—MJ *L-l C 6^ l^ 1 * > j_) jj—> (^irf—Oj^ C> 

.(j^lj^) ^ »L»6 jj jj b'^ uj^Luj^u IjjlS^^JLoL^i 

i Ij j b 5 iL>j ^Lc^Lt ^jL^Jjj JjJ ^Jj^>j6 i j bjj ^jli <Z**m* ) b 4jljl£jp& 

^Irf-Oj^S* {ja£ b $ Uftjjj-t ^ CCwU j-OjLmj ^ 

a —^S vjjLi a_J ^j6j ^jjj ^Ij^L-fc l-L-woj^ ^L-Xj^jS^ ^^jijjLi jjj^lJI 

Ij4-Jb jjjA ^I 6 ^Lu.i C ^».i -9 (^pv ^S^4 -»Ij) 

j£ l-LO\-w-w> . 6^5 ^-w— wODi 

• Ol^fi-Co <*£j0 i^JJi j*J^ ^ J 6 j4-Xj^jO jJ> ^t-jL^JiUb (^Ij^ 



AA 














iyijAS ^4Jj 




^LrojS* l^jj^ : Valley Inversion 

4_J > ^m_w)^L_J ^£^4-ft 4 J L^>ui ^ bj ^jlS*bj> i^£ I_j4^ Ii_j44u 4 J C 4j*JU^ 

J jlS*L^> 5b;jJ j4—m; ^ j -> jjj ^ijl— u; ^Ij4-k .jlS*L_> ^Jbi4J ^IS*4 Jj,S 

jji ^ L*.t &JJ-J> j»4j ^ &j6j4c4jj 6j4»W-l6 ijj4j 4^ fcj^JwjS^ i dS 4-*Oj4S* Ij 4-& ^4jj4i 

j*j< L^* ^Ij^LJb <ibLL^> IJj6j6j 4-^4J j jlS*4Jji ^^-l^oli^Ll ijL*i ^lj4J& (illJLc> 4$* OliOjjj 
jL> j\— w4j ^*0j4-5* ^£4-1j j jj-j ijb*; cU j j 4j & i b 45* ^£4 j!j4-& j4—» jjjL&j4S*4-) .Cw j ^ ^I-\j4j 
• C^ub i J ISj- V . ^ ^Jj ^->bj j |*3jj I i j j j ^j-k4Jwu& i 4 jISj4j jjj 4^ j I j> 

44—uO 41*—wjj i ^ -~ j^*j ^jrOs ^ > ^Sb-j 4_I^ja_5" ^ 1 ? ' Nj ^ ^4—5* 4 J Ol—SjLk 

j4_t (oL^jJII) ^jIj-^o <s*3*^yj£ Lr’Jji ^bj jb4-t c^4 > J^jb4S* 

j4-j ^6j^LJjjj4jj^Li j l_* 4 iIj 4& ( ^£jJ&4-> 6j4jlS*4Jji ^4Lo b 4 jj 4$*& i 45* ^4 j!Jjj5* jjL*i 

j l5 _^j>4j 4_» (j45*4jl j.:.^:.I a jj— 1 (jSjijJ ^jJ& 44L>6 i ^p4^4j C I j4Jk jb ^4 j L^w* obo 

.J^jjX>*3 J> bj 

dl^jlS* :Advection Inversion ( JjJlUI ) <Lj IjA^ ^Llj^S 

ijg jA4wi»' IIjS* Lj<—0 jS” 4.>15 j4j ijl—«j cJ4jD i Ij Lj ^S*4jJJJ j4uc 4jl5*&jJ4^ ^j4$* ^S*4 j lj4Jk 

yLJ ^ *Vi4j 4 J 4-5*4*0j 45* Ij4_& cu4 j Cd^bfiijjj ^Jj— mjU 4j lj4Jb 

4-_i Ij4-J& ^t>j4«.T—.«'Ij5* ^b™0jS* L«w O Iijjj ^Sb—»l5*j4J^4j ^pu4«o4j .C^ O D^4 j^- iijb-*j 
^4-L-^ • 4-jd jj> ^4J (Sea Breeze lnversion>Ljjo ^4-L-^ ^LoijS* j obojjj ^j-^b 
^5*^-»lj4Jfc Lj> cCw. w&ft-L-5bo ^ i 4 J ^jl^4Jfc bjfii 

^-w4 j I ij^L-wO Ij4j 4_1 Cc-> 15* 6 J—l4^ (l—>^6,i ^4 -Lmi) ^jiSbyi^ j4j bjfi ^ 4 J -Lid^Lwobo 

^I—Xj: j5* Ij^JL-mj4j .Oljjfti LjjO j6j^L -> b ISb-Cij 4_1 ^jL-mi ^5*<i—)lj4Jfe ljjd^dj4_Mi 
(^^0j 4_5* b ^j 15*4—I) bjjjfi^ 1 ^jL- 5* <4-1 j_)4«oJ^b5* ^jli4^ 4-»lS*6i 

• C->lS*6i ljul jIj^-» 4 J ^45*4jIjj-«-mj4j ^jbluLj 




iyijAS ^4Jj 




.'Upper Air Inversion (^^1*11) <£$*3 lSJJU ^U«hjJ!-Y 

6j4 —ijJjj4j 4__) ^£*L_b 4_S* ^4 —mi4j j 4_I j Ij4._&4^j4*j jL> (^£jljbj> (^^Uj^" 1 ^ 

jjji .oli&ijjj ^jjj ^ jjji i^°j^ olS*o jjj-oLj *i C^6i 

0^6jj4j Lc> ^b™Oj^S* ^ jtULm j j—* I j \ m*j ^b—Oj^S* 4 j!j4J C 4^*jjjJ> Jj4j> ^£j6j ^£jjj 

.jjjjb j jjjjdS\$ 

jU ^jljSv-»jLji *lJ jLS^6jL5^ j jJL>*l_) jLj j ^obo ^jj-> j&1> 

^4—Lj j 6j6j6j5b JL . y ^&JJJ 4_l^ jjj jJ j^LmjcU OlS*0 jlS*jiyLMjjjj^j 

^JJIjJ Cwjjj » ^£jjb ^wJD i 0 4*J C^j4»J&J& J^mUj 4J 4^ lj<^Jb J J Cw- ' i » jjb>J dSm*J> j4j 

jl—j <^>^4—^ <j^j 4—^ ^4—;jji 4 —I c l£jO l£JJJ ^—J JJJ - 5 cr 0 J^—^ l£^— 

jjj 4—<.,< ^ *v» * > ». l j_j jLi' jjj_p •» (Stratospheric lnversioro^£«pU-< 

^1 jjL »j 6j 6j^iMii ^4^*4 * * > ^Loj4_^ ^£6 j4*jjJjj4j i j ^j^cuj^»6j 

I ^jTUi—>»ujJ I J'Lmj 4_1 Cc*> bS*6 ^ i bJ 6 j4jjJjj4j 4j I i4JLc> |»4J ^j-'^wO j4^* ^£4jL> j (^6 jfi j Ij^ 

. 6 j4*j lS*6 lijyLcwjJj^J jLJ IS* ^LwwJ 4*S* ftijbi 4S* 4^bw-Mj4*jj4j j4S* ^b—OjS* 

jL>b Ij^ obojjj dL^lS* : Orographic Inversion jl5djj^U Ll£ ^Ub^S 

jjlj-O 4J 6j4»t|j^&i > ^£j 4J j (jl^ftjj^J Lc> 4^»jjJ j4«mj jJ 6 j6j^mj jJ 6 j^-wOjj4j L*y J i ^ 

^ -'-'^ 1 I J-bwwO ^L_l C 6 ^ li jTLfl—w^jjl JU-C ^ijfij Ilj_^ ^ /*' j jl^L_> ijJ 

^IjiLJk 4—»6 j4j C^6j6j4_mj i jJ^jLmj jjjj^Sj^j ^lj4Jb ^6 j6jI^j> 

^[ * >^jS* l»L-*Ii4^0tfU ^-^oL^4^_) C^6 j6j4»>,^ ^£4_S*|j4-& i ^jLjj ^5^4*jfijbo 6j6jlj^ 

• Cjlidijjj ^^IijJ6j j Cjlifcijjj ^jlS^6jj4»j Lc> j4«mj 

j-J 4_5\iJj lS"j-fe L.wtj->6 j ^jj 4_) ^j Lj 4J j jJ J 4^ I i ^Ij4»& ^^*0jj4J 

^Ij4_^ .jlS"6jj4_) L_> j4_uj ^aj^S ^ L:j i j5^ jLo 4-^4») ^lijjj 





iyijAS ^4Jj 




^Ij4—& ^6 jIj 4—£ iL>j ( m f ***- > J 6j6jl^> 4^jj4j&ili fij&j*L mj 

^ Zj 4 1 4—1 jjL -»^j 1^4—& ^*Ii4j I«Lmi4^o4_) ^*oL^4«j 4J Cc<w u ft ^ 

lT°J^ L^U^ 1 4^\j j^- CCCuO 

^a\j &£ ^4—t|^4Jb ^ww-> J J ^L-OjS* 4.S* Cw'i » cJ^UD j^ I' ^j ^ Uu J ft ^ jLw> 

^ /.^j-jft j jj 4—t ^JjJL-mj 4j 4»I L> 4»Jy—wo4Jb 4—tJ£j . <«3 Ijjjijj iL»j 6 j4jJJ^JJ^J 4j 

4—1 4_£ < 4«_)Dj4j ^4j|j4j>^JL> ^j!L4—o4j C 6j6jJj 4_^Ii ^JJb4j ^CLoOjUb j 4-tljj4^4j 

^JJLmj4*j4JL> )4jIS*4«^>Jj 6 ji^i-MjJ jC 4j 4^* cOli&ijjj !-L-<^j-)6j ^^jjjj4j j&L> 

jk*+l |»l^6 ij4*J ^ 

Cloud” top ) ^Ll v oj^ * c^uijj^ uDi bjjdS j 

. 4—w>j&j (^jjj cii—si> ^LjCoj 5* ^6^L^jUb j d£bjjdjb (Inversion 

4—Lj ^ Cw .O ^ 4»J 0 j^Li l.4$\ — 4*j (—^j4»& ^l*—OjjS* 

^ * 4_S* ^4—i Ij4»k j^—» ^>3 j4—^£4Jj ^6j4jj^j |»Jj (j^-*^ bjdS»*Jb $ ^»Jj ^4^4-wO j45" 

. 6J ISU 

*l£jO J a — 1 J~~t **-£**& iJjjj e^^ ><A —n*^ 

I-L-w0j 4S* ^ LL> >jL> 4—1 ^ oVu^-ift j ^ jr\^»«J> 4—^6^4—) ^jLofijLoU 

4—j ^—>6i Cw^ijji jt-^JJ J jCj4*-£i 6j4—.ijftJ ^Jjjj 4j (ii-Jp ^LoijS* ^4S*4j Ol5jUb 

^4^> ^6^4—i^jjj4j 4—1 ^^0j4—^ ^-[^J ^ 4^j> 4^o4«j . ljjlS*6 iji-Mj ^jjbj 4»J ^34.^13 

jl y; . :L - J b j-j jjj cr*t—t J l^j^j—^0 — 0 l£ 

l5 ^jL4^Ij ^15^4—)jl$"ljli 4 J ^Jjjj ^ jjj^ Ub6jj4jb .CwLIa. 1 6^ 

4^—6jj 4-Jb J (jLi^f) jj>A*j ^»06ijUb 45^ 6j^Jb4 j ^4^-mjj^j6jj 4J& ij4^ 





iyijAS ^4Jj 




tThe Annual cycle of Temperature (jiff 

^jLoj^S ^j LSoI jjfi jj-> j> 

bj^jjbj ^jJb4»_) <*S v L ^Zjbb $\juj> ^Ij^4j l£JJ 6 J 

L^JJ 6 J ^ LT 1 ^ ’J^ (^£4—^jj&j ^jlS^fljjS* 

4^_tj L<J> ^£jJ&4^_t Cl>lS^6i iUj ^IS*&j4m.m^o4j>^6j4»j I4j*jIj4J 

. I i JljJ^ ^£^j4^*.0 l^bj^j bjjdS" 

4_) l ^0j 4_S* ^£4jL .6 jIjL^> j-J l ^Sn.Jjj6j Jj &j45sjjj&j 4j Loj4^ ^£4Aj 
jjjj 4_I (iJ^—»j*L& C bjdSZ-)b ijj4*j 1^ (<*■»> L> Cj^O^J C^jl jJbj^>^) 

^L-S' cit * iIT jj^L ^£6'j_o 4_1 ^£^4—t^4 —) 4__) l5*6 i / Y ^ {£j^j 45* ^Sjj^ {£ 

• C-wsJfii J Ijy ^£45 \Jj^j4»mj4JjJ^>’ 

li ^J^- 1 15* <*^dS 4*j ^15*) 4^o4*j ^4u!j4j>t*-t 

l£3Jj a — ^ ^4_^j5" ^-)jLo j_J j-J Coj4_)6ib ^jj4j J CsiS'bl j*4^ jjj iJjJjS 

^C-jO UL?^ * |MI ^£4,^5j4_**i4j jj^" 45* {Z\m+mj\£’ i^£^bj {£b 4 J ^ Y /Y Y 

.^L^4*j J-U045* J£j L*o^45* ^41j ^i-Jj4jli 4*^06 ^ ^po4«*o 

(j*^5L$*^ L^*~* j ^^- ) t^45*4»j jmu C^J^Lj4*-0 Lm** J C^I^Ij) ^L&4*j ^*^4j 

^4_L ^-U&jL-oLo 4_> j j ^jj&j ^ (^ULul) j&jljuJ^5* ^jjftj jji 

. L»6 ^ ^>3j45* 




iyijAS ^4Jj 




*L_I J ^Jji'L-J ^£6'J_J 4_l ^£4—b> >jL)jjA—> A ”‘ < 

^JL+L-jaS JLJ^lSbbo jb ^^jjj4j . iuli ^jjjj IS* ^SsjLoiJ JLo^S 

j (JjO ^cL-L *->jj . a5sjLo j4j (jI jJtjy> ^J) C^uoi <iLi-J jjj 

bjj^£ »jJj|j4— 1 ) ^5* 4—tli &^j4 —i^jj^4j 4—1 |»l^6i^4j 4 ^sjLo ^4j ^jl^-»^i4j l^4Jfe 

■0“^ J>> L^-^tP 



^^Oj4_^ ^41 j ^4j15njLo ^Jj&jb ^j-*^Jjj4»i 4^* jj^o4j IS* 4^_»bjS* lj4Jb C*IjO (J-^wO Ij6 ij4j 
^ 6^j4—wjfi ^ ^*J—> ^*0j4_S* ^£4»b> AJLuaS^u J 4 S* 4 J 1^ i . Oo jS* & i ^boJ^j bj 

• Cw w' i ^ (jf ’ , .iL^* > ^ ^^jbo b»4^ 


tThe Annual Rang of Temperature 4 jVLw 

CT°J^ ^bj4^o . 4-wOj4S* ^4L ^4jlSbLo ^Jjftjb j-»Jboy j ^Pjj 4-> jl^u ^jljL> 
^4^_)bjjJ& j»4__> j4»_)^J ^jbj j4—MJ4J fcjl^l—<J> j-JJ »ui Jj— f 6^4 ^JwLjj m. 4»J 4j*^f b-*r' 






















iyijAS ^4Jj 




^<LwwmJ 4__1 L 4j*V L* I j4h„>,i 4J 4__>4Jb ^j^L-Ss—IS* ^jL—> ^4jjLi — \ 

4_tjj Ij—*ji4 j jjj-^ ^>V» * 1 ^^j^*L^*j4j jfi £jj^ ^Jj-&4j ImLoD4^ 

IJj UT4 «j j4 »«» *o4J> ^^>^L>4J 4 _*o4_i ^£4j 1^4j>t * i l 4 * > t*«L—1 l«\—> Lw> £jj^3 ^li^4_^o 

l»4_> C^*g AO (^£4 -^*jJj Jjj 6^4«wwi6 i^j^4j liUj £jj^3 ^li^4^o j^Jjj ^S*4->D^-*-^4j 4^* cJ 

4_)L5^6,i ^Jjl^jl^^-I I ^JIJ) ■* < * 1 i- 1 (^j4.M^0 4^ ^jb ^m UMm^ 4 J ^ 4 !-! (^l £*) <^-WW> 

i JLc^ 4jVL^ (jbj4-o bjufijb ^^SZsAj^J ^4j c^ 1* - 4jlS*o bjj^-oajaJ j ^ V 0 

^)4_)4j Dj 1^L*.> j —> ^S* 4—»4»^>^ lj J£_j ciJ4j4^>j U 4 J 4—»4Jb ^ 4L*.».mLi 4 J 4^* ^b^^j (j)b^ 

* ,p <ii^J4S* 

. <w>L^6i i L—4j^ LmJ ^£•*0^4^ £^3^° ljj6 i 4 J b^^mtmJ^^ 333^ 4j ♦ Uj 6 i 4 J £j33^ — Y 
^£4— L> O^j3-&4.JL u 6 ^ j ^j— >6 i j4«^*jjlS* (jlS*4_tjL» 4 j ^jlS*6^ljlj4^ 4j>jIj 

4__) ^S* b^b^ L_> IS* L> 4_1 . 6^^jlS*6i ^»4S* 4j*^[ Lmj ^.*0 j^£ £^ ^3^& 3 ^£d£ d^^QjdS" 

^ /A >A Cj &> C 6^g4— *-*jD ^jj4j 4j*V l —uj C^Ji ^ jd£\jj IS* £j^ i ^-*-*-*S* ^l^4Jbji^Lj 

^jIjJj—S* 4^-»jjJ . lj-ol^*£^ ^j4S*4J ijjlj4j 4 j jL» ^*0j45* £^~> ^jIjJ^S* j^ 1 b^dSl>jd£b 5 

4_1 ^ 4«_I 6j\*o4_S* ^j&j4^o4^* ^£4j>jIj ^jIS^4j^Lj ^w* Lo Lj 4 J 

jlS^6j4-w^o4j> ^4 J^u.iIjLj 4_i jL-*IiL .jj-u C 4^15*6 i j 6 ^ >4 j V^*^L 

ciJ^—>6^ * /Ii4j Dj^L-w-jiS Sjjdo \ju[£bjb^*Mm*£ i^£b^b^ U 4 J j»*^4j Cc-^lS^6i ^jIjj 

^s-^-Jj&jIj <iJfij C6j4>jCLi6i ci—<iJ^-»4J I^JJJJJ ^44JLX-Jw__» 4-J i^£jjbj ^0 ^Ub4_i 4^ 

. Lw-cL> jjS'L j^o^j 

J^_Mj4i CwJi^ b ' A*jb^*++)A*J L>6«\j^-» _ ^ 

^j15^41j ^^jJj!j4«)!i ( ^JJb4jCLi5i 6jL IJjLLmjj i^jj^J ijL*i ^j4«yM^o4j> ^jJjj^\j ^[jbJujj 

4_I 6^4j IS^ bjbj) \*h t *^b ^jLj 1 LS" ^—*-> L> Lw> ^j>jIj4J4^ ^ Loj45^ 








iyijAS ^4Jj 




(* bjdjd£b Lo j^5* ^jjlo <SJJ^3 

. .CojJLufi i !i Jj&jIj ^< LCCLCu ^*L>jb cAjJj 4J& j bjjj4o <U ^6j4o <iJ&j (^JJ&J 


% Daily Cycle of Tempreture 4j(jijb 



U j * i h |fl $t i£: i 1 I IP 

A^j^iJiLiiCJ ^A-sTiiEr I Wi 1 'j if*Jiif-uJr?-* i 


J PjA- 

^4_L fJbj^JtjjJ fj—> 
l-L-^Cjjj 4—1 

jLu S*<L> j > CJ bj 


lS 4 -^ &3^3M 


i_t 


wH 




L_T 


bOJj J 4 ^ jj-^ (Jjj^ ^Ijjj .CCj^uL>6i DjaJjjjJjiU 

^—> ^Dj^jI j5s. C <— o Olifcijjj ciColi' ^jjj <^3Ji • C^UCj&fci l-bj£> ^ 

^*L_Lj ^JbjA^jjjjtL* .CwC 0-->iLj>j^o jjbj—u Lj jj-^- ^^ClL^JiLk jb-p ^fijLo jJ ij^5* 

^4_L j jjO^C ^1-OjjlS" jji b CCuO ^ c£jO L^JJJ lT^ 3 

. (V — V* ^66 i j lojp bjjdSbj&Jb 


Oj ^IcC—i l£-?0 <$333 c^°J 4- ^ l^ 4 "^ j* 4 *-’ 

^ b ^ ^»wo^_o 33 ^ IcJbo 1 .. b^^J^ ij ^jJ ^6^^o I^*o^o C^6^4o I 1 

ijfjLojp ^b^ O^ 1 (jbC*ij 6 J^333 tJ-’J^k) ^-^b*i jo <Z*Jjj£b5 5 jtfL»^L>j-^3 *l! 
^^CojiL-ib j JJ^-OjL^ ^0j*L_$* ^o^jjjiL_» ^jLojJ 4—iJ-> c b JJ*L_$*6j*L& ^oj^L_^ 

^6^5L^o .jC^b^ {£j3j to c^sC^fi^ l-Loj£> Ci ^Lo 

.ccCjcuL>6i ^C^o^jL5" A oj^ (*j^ j 




















iyijAS ^4Jj 




: Daily Range dJijju 

^£4-_b j C«->^S*OjboJ£j ^ 1 4^* jj4»i 6j4^ ^j4^ ^4j*j 4 ^,jjIjLl> 

l»4—i ^ ,1 1 tfL-) 4 — tI j jjj ^li_j4 — *o • C*^J *b 5 jLoJj ^j7<^ 1 4*_S* j»Jj&j4»Jb ^* 0 j^— 

♦ 6^I^L*J> bjbj \J^ (^4j|^lSjjJb 

4 —^Jb J^-0 04^ ^£4,^>^b ^L4-^o4«t C4 -_)|^jj^ ( fc £l^4^0 J^-MJ^-I 6^4^*JjlS* Lj ^£4*j^b — ^ 

L^jb^' J jj^ l£J^ <Jj-^^ CwJj&jb ^^U.. y . J 4 j ^J ^ 4 j t&jfijjj J JJ^ is’jj-i <Jj^^ 

C 4—*j ^Ljfbo 4-_i (^1^4^o ^jlS*6^4*,u *0 4J> 6 J »7* * ^ ^*V4j . i L»^) ^jbjjj J jA*J+> 

.^jj4*jb^ c£j4*j4**34Jb Jj4j> Lj ^jb4^4j^4»& 4 *j4j l^4»I jjj ^ jdJJj 

(^j ^ 4__l j’\-*o4 ta ^) JJJ ^i4«^o4*j Cc^>L-^6i i Ljj 4^_t|^j^ I,^4^0 4»J — V 

JojiU C 4_)4Jb jlS^jljb^L.^ ^!j4Jbjjb j^Lmj^l! ^jjj ^jaiL»jli' ^p4»/3 4j Cjl^bjfti j^Lmj^lI 

IS* 4__»4j|^4»I C4«_)4Jb ^£^4 —^^^Lj ^4—uj<l! ^£j4^*j^IS* Lj 6 i ^4«L£f 

. 0 ^j6 ^j-*J~ bjbj)*Ak *S* i^^j^j Lj 4_^o J^bS* I ^4-mi J£j 6^4*jLS*4»«^4*j ^l^b4*S* 4j>^jb4b 

4*S* ^4jL>jb j 4J ^j4»w»b 4j bjj^j bj&i 4 J ^jLS*4j^& 4*>^b 4 J ^L4j|^J^j I Sj&mA 

>J—> (j^w— 1 jjj j^Jp u b $ jj4*_j JJJ lijjj 4*_l ^*Oj4_S* ^4jj (jj lS*4^_t b Lo (iJ&j) 4^o4*S* k jljjj4 ta _k 

. Iij4^ 4 J &j4JCuO 

cOl$*0 ibj bj J ^ad£ ^£jjJb4j ^jlS*6^j4j bj> ^£4 ^*j^J j4-mj 4J ^bj4-o - r 

^ I ^j4_J.< 4_I JJ"^ * ** 1 * 1 ^JJ^ ^4»mj 4^15^6 i ^ 4 - y^wo4 ta & ^IL 4^o 4j 

• b JJ IwLttfMld i4^ 

^Iij4_^o b&»LjjJ . 4»_)IjjJ ^>3j4_S^ ^Iij4_>3 j4 _mj 4^15*6 i jLS^ ^jJdj (^pc4^) <^£jb — £- 

0 L ^ ^ jT 4 j ^j6j ^pJJJ j4—mj4J ^*0 ^4ij ^jjjfiibj t&jj> bjAj\£b5 ^4^ ^oj^S ^±j\jjj 


<n 





iyijAS ^4Jj 




4^ dj4j45*6i ^Ijjj (jljb J J L&djj4J& Cdj4jlS*di 

C6j4-J^-) j»Jj jjj (j^wOj^ jJOkb j^> (iJ&j <^0j^S ^^Aj {Jjjj j* 6, *J*W 

^L_iJjJj^& ^ 6 AJ Sj5^" *~* "*" * S* 6 i >4^* ^g\ 

*Ii *L_1 j~ bkd^j4—& .IT4-1bo L- d^jjj ijJb^j d^4«wwi bj^4j j^Jjj ^4.b» 

• dj^wuL ^»Jj ^jlS^^Jbob^l b^AJZ) (^^b» ^ <0 I i b CX y' i i<J 

^iL-S\JjiJ CfijiO^di j»^ ^Jljjj ^lij^Oo jjL_t (jlS"^LLsj) ^jlidjLj Jj-» “0 

4jI^4-_mi ij Luj ^ (oL<J3^) d^j4-0jS* ^4^ 4 j ^*u_j4»t C^»Jjd^4Jk ^ ^£4Aj ^6^4-0jS 'JJ^ 

Iijl—£i4j ^gbj^j *j)bj Ij^Ljjbj *J ^djcOjjjj^b j ^gj Ij—fcdj ^dib^o ^JOw*Lt {j^-> ^gj^^J 

.Olid ijjj 


H V 




iyijAS ^4Jj 






jj4A <^jLLu4J 




f Mgf ggjM? 






> 


_o^! I j_>ji_j (j —oj . 

(j j 0 'j 3 *)L_9 I (J—fl_ 9 4] I j j 1 j Q t /it 9 



j jAuiSdj ^Lt j SLu i ^xJj^utJjAA jL£djl£ ) 

(1^ iil>/ 4) jjjjb b jGjp- jj jLuJ (|«iwj <Ul£ diJl ^Ld )}AaaAp$a 


















(jZAj 


x jLu/4J 


^3^ J {£ L?4^j4») 4^_$* Uwyy .) ^ ^ (6^j4^*jL*0 4»J 4j^j£ Jjj) b^ 4*J Lc'*’ 1 U 4»J <J*LjJ4^Leu Uo 4j 


4j i^3^j j&£ 4»j ^jIj jjimij ciXjJ ^£4^”^L<—)I^U 4*S* <jij4J 

jLf^L l-L*o4^<U £i4j 4J 4*_S* *L_t4Jb ^jjj 4*-&>j£ Ij^LJ&45j4j c£ru_L>li 4S*6 mj 

^Jij 4*jJ£j dj4^ud ^ {£3^3 Ij ^£jL>jji lj4Jb ^6j4j j4j4J L> . ijS*6 

4_S" Coj—Mjbfi i Ij Ij4«Jb ^«4j 4J Lj .cXJLCL&O ciJjLt ^j&j i£33J j4-mj4J <-5\j ^ j L&4jj-» 

^ji —> Lj>jji (^) j4 ».n4j ^j^—i *) 4*<» j4__i . 6j4 -«>>jjj j4 ■*.** ^lj4 fc 

L<—^>4j 4_tJj C4«_tLjj6i £33 J * 1 L> j^L»->j 4J L> j j » ^j4<>»w>- i 4mj ( ^ ) j4»«j 4J ci-LwO I^SjjJ«*S* 

.3jj-»o j j4j4JjL^ j ^ 6 JJJ C-wjjji i ^j^Uj4^4J ^6j4j j £3&J j4-mj4J £b jj 45" 


lii * 1 ^j4 ■*■** 4 * »j4S*6 ^ 4-5" ^*L_t&jj4S* 4*** j4^_t 4_I 3 j j—^ i^^33^t 1 

Lwu 4 j 4_S^ 5 j—«.-jjf j£>4_J ^J> &—> lj4Jb 3jj—*0 ^_4i4i 4^ 4 -jDj4j jj2l»4»$*4 — o*^&j T L^wl i ftj Ll14J& 
^£j Ij^cu4j ciJ^_ i4j j 4_i 4*jjj (,^b^bjb ^ ^Ij4,& L*»mj4j 4j 4j Lm^'4j ^6j6jL> 

l j l$*4.V—Ij Li j-*o4_Jb j4 —l *i4j 4 j 4Jfc ^j4 - _$\_j 1$^ LLmj4j Lk&jj4_Jb . &j4_X»wLwOD • ^4 

3 4_5"j4j ^j4»o^-j> ^£b^bj 4^o_wi ^L4_*o4_) C^jlS^4 * *7» * )4 j*V 4_1 ^ ^ 3^ J ^ ^ ^b^bj 4*mj4J 

ji^o4^Jb .^j4jj4 — fc*i4J 4_S^ ^4jLL-mj4j j4«_) j4_wO Ij4j d^jbj j j4_ mj ^4jLV—*.^ j4j j^>34j^ 
4jL)j4^i4J ^4j !^j4J^ 4j Lw^j4j ^j4j wO Ij4j ^ ^4-mj4J ^jji^-mj ^jlS^4^-*Ii 

4^JC 14y ^ Lw4 ' 4^ IS^4^»<»m*j^ 4 m 1 4 j4^& 1^4^ ^jL*-^4^j 

^jU-mj 4—t •j)Ju4jl^6i b^bj^jj IT 4«4» i jj 6^ ^jIS^4»Lc> ^4^/4j 

jL CuJ^ i ^po4„)!i |j4J& 6^4 fc j4j^L> 4«J(5^4 j ^4jL*Xh»w J i^3^3 ^33J 

^£*33^**" ' ^ ^ ~ 3i 4j4j LmL«» * ^o4«^o4j cCwJi ^ ^4^ ^4^4 j L * w. ' 4j ^pu4^o4«j ^ C^->5 i i4»I 









JUfijLob jj ^b ^Ijajb LLmj<0 ^ 6 j 4 jjjjj 4 j a*j C&jfcjiLw^aJ bfiJjp 
aj ^jLLuj4-» j bjdSZ-)b$j£ 4 *jAj>j[j j^j ^jjb i aJ Ijajb a.5* pa«tbbo C6 j6j4-mj 4J Ijajb 

bojup i j-» aSbp* ^5 sj>j6Jj LJLJ> Ijajb Lbajjajb .ob*o ibj £ 3 ^^ 

£333 J*^3 Ija^jjb ai" ^ai"a»ol^ 1 > jaJL^Ijb pjljb> £333^ pjaJ pjjj ja-^aJ 

.ja5*o pjbo (JjO 



♦ IjAA ^LuadJ 

jj-Jod i Ij^Ljb ^pb ^ au pb&a_ uiS p*Lj|pLob jaj jj^oajb 

^jjj—> ^->Jua_> pu—oaJ .ppojbJ Barometerpa_^ojjbaj 

^ t a 1 blja_S" a * *a> ppa_ojjb l ■ ■ 1 j\j^^ ca_*ajb 

cUpjb pb jUif JtLu Evangelista Torricelli 

Ilj__> I ^ 6ja_bbj^aJ a_S" 0333 A 1 00 1 ^ 1 ^pC->>j—> 



— £• a_> l«Lw) pd^w>a_^ (jXjj^d^b 6 jcU6 j Ijaiblajbj 

bjArOOub ~ ^p-> jjj^Lj a_S^ 5 p., <,i b ba_S^a«jjp a_I c (^ 

a_£• a_S*6j 36 i jb ^L^a-t J 

a_ S ' l 1^6 ^ <£333 *i»i b^a^^ab 6^a * * >6 ^33^ ^ ■‘■o' 

^ ^ T,Y 0 jb-» c(^j_^ c^LL^j)a^?p Y ^^ Y aj ajb«^a_) 
J LSbw bpbb-^^u a»> L i*a«j £**->j LwJ*Lwo cmillibar j LwbLwo 

^a_jai^u p_*j|ji ^a_oau c(hpa) ( ^Hectopascal 

• I Jj L^> 33*& ajk aj ImLwu. 1 iL ^ ai* b*aS b w^j^ aJ &pIppp^lS'a.) 


Jj j^oAJSi 4_1 aj^Li ^£a_jASAj j ^jl, n\\j<a ^ ^ V A_j 'GLulSAj SjI^Sjj iLalj Sja^Lui AJ liloj j AjI j4A ^liuiAj ^1 jjj ^SAjASAj ; (JISjoiIjjjSa | 


.(V) 
























AnGTOid ) ^j^bb ^^ja_^oJjb fcja-jbJL&jlbaj jlb&jlbL*, j j^Lj 6jl-obaJ 

J-? *J LwLul4jb jjj j lja_&aJ a_Jba_i L5 S^l-bju a_b dbyoaJ a^jlgbpJ ab (Barometer 

j£—i L^Mii^-> ^jljJ^b ^b* 6 dubjAjj^—> j l*t» ^ ^aJjj> C^jLL-mj^j ^jljiJ^b 

^ L«t—•b^J>6 ^ ^Ijbfi^b^O^) ^ba^a^^aJ J-wO^jjlb ^bwO cfj 6^ab b b $ ijXjj b Jj Ljy^o 

(V- i ^jbjLZj). ^l&aj Jj iUfijLob 

^j Ij > jj—> ^l: ^a^ ^jljjpb* ^boLi (Altimeter)^L_«^jdau ^^pLob— > 

^jb-Mj4 —> ^ jjd^ojjij aJ <LwJj jj C Ijb bjft i ^^Lu. i b ^jlba^wtl^ja.) 

a_J ^wLi b^j^j ^ bo a**j o^«j cdab&i by»*- > bjfi i ^^-cwbad 

• bbjfti i^SjJJ aJ ^jjaj J IjiLk ^jLLmjAj jljpu 

J^j ^ jlbb_> ajjabo i^a_«j \j^j ^jJ LCC^_ ) ^J lbaj babjj^aJ b 

.JLjfej jabo Surveyors ^j&j (j^ajljaj 

lb^uil Lwliab lb^ ^- *-* • “ 1 j; b^^ ij-b" 1^ ^^b"^b ^ i*i*i^J 

^jjbtL-> O— ij^^Jb 5 b *V* 1 j\JL*jj->jJ j ^J lbaJLw b aj JJJ aj CcUjj^2Lu ljulfl *> 

Cbij lb a_i 4 jIjI ^bjb bb i ^b&jJLl jidf^b Ijuo^lJ^ ^<I)4j aJ 6j &JjJPcuj-oIj ^^Lob 

^.'n.u Ij j£-j j—b a^b* b*^L-*■> 6^^^ b >.t^>4 j ^pu^b* ^gL».4^bgU ^j bw.b' ^j 

• b(JJ^Ub J LLmJLj 4J ^ZjyJbj 

4J ^3^Uu 4J 4JU 4^bi^ 

.^j6j b aj DjaJaj ^j! j^>^j l^a^ ^^JL^ajaJb 

♦<J*b^b^p^ wL>a^> ^j b^A^jjdSb$ b aj b-M j ^j 








<Jjjj I j4jb ^AZS Ij4jb A) dio^lw ^jJj^ ijj (j^S) uj^5 

i L-»^J b^bjd^Hj ^bjd*J &^j4j^jj^4j 6<Aj4^>j4Jb . |j4Jb4^j4j ^LjS'L ^WM .' d^jbb^d^J^bJ 

> 4—5^ ^*** > dS'dulmtm*ud a J J 4 >iU » ^ jL^L ^ <lj \S b 5 ^ 4_> |j4Jb ^JjMU ^4j ^ <«—^ L5v«J 

.olS*& i 

j6±l» j4J 4 _jl^> :Gravitational Force £ 9 *j ^UoSlj £>ifc-Y 

^4j l^a4.7_../ Ij d^Job^jd^j • j ^jd^ud ^■*' ^b jd^i (— ( jlb*i £* JjJ l^4»& 

j (^j6j) 4—»4Jb 4_£*4 j 4J jji ( ^6j^>) 4j ( ^£4 j!j4j>?J1j j j4j ^4 JLmjjL 

6 (Jjjj ^j&j ijA+£ • (lj4-& 

^^5>JuLL-M. i gu ^jL>jj^ (jijfij ^jjj <ii-jp ^lj<Ljb ^15*6 Ubdjjjjb .jlS^6jjji b^jdS 

y^j Crt** j ^jjLLmj 4-» ^jl>jji 4-tJj C 6 j4.jL»j4-wj ^45*!j4Jb <^£jJb4j i jJ&jj4^ 

. L»6^6^4«t*/ ^jlS*6ij4S* 4»J 

cjjIS^ji^-? 6^15* 4.J4.& ^jdSs->j\£ y^mfedu ^5" Ab L u ^ <£yj <*y ^^ \jp^^ 

d^ ^d^& $jb » Jj—> jLofij4_> &^4-^o4j • LS'4^ajIS* 4 J d j\^d£ JLul^SlJ ^bl^j 

j*^-^ &j4jjjjj*U ^ ^lj4Jb • &j*U j JjjjLLmj4u ^gjjbdu b ^jLj 6j6 ^jj ^lj4Jb 

6^ 4—1 l jpjb^bjd^uj ^1^4—& ^{£j >,*i'^J <syj ^-o^ *”» *^ is* l^*^f 

^L-> IjiLJb ^jLl-MjiU >JJ C D JZod^ jLjL-mjjJ bjd^dudu j j LLmj^U ^ Coi cil^J j IS*^j-mj 

4—i Ij4—^b ^jLLuj4-» ^jjjj 4^ bjdSZjbS (jjjj (^ - ^) 6 J^°J J^-^ 1 4j 

I^ 1^4—^b4^*j4j m/4j 4—1 

(0 * *) ^4_^ l—»^6 i {£^3J J 4h,^i6^4m1 L^Lh»u (^ * * *) ^-1 Ij^LJb ^jb-^4^j 

^jl^^4— 1 j4—Mii4j l^^>,i>iiLj^Sbjb (^ * *) ^—i C(jJ4—0) (__£-*^-1 ^J 1 ^-mjL> jj«^»*Jb 








^ 1 j ^Jjbj ^Jjjj jlj-p ^ ^^ V ^ <■ %^0 C%0*) 4J 6 j .(|*5) *\) 

^jJj ^ jjj .<iJa_j aJ a_jb (^0 ♦ 

. (^ — ^ (jIa«j bj^m^Jb bl^a^ka^jau 

Jj——> Jl^» .mi^ IjA fc ^j[ * 1 ^*1 4 -^ ( |». ^ £. — Y*) <S^J <£JJJ <iJ—»J-> a*_I 

jjA^t o ^ 0 * * ) l^^a.) aJ ajb Lwm. ' ^J L& ^ ^J^* jjJ * ^6 ^ <iXjIj-»^-*0 ^ * j^Jb 

15s— mj^ ^ bjd^> C (^J 15s— mjAV a__* Ly. ' ^jLwaS^^J 


^ *\ ja_&aJ Ija_a> _ uj<L) blja_ b*S jJu 

^ p-^ ' "') csfljj'H 1 a_1 Ijajb 



. bjd i jd^ujdJ 

j\ — j ^ISY^a —j a — a ^ 
.CojiUfiib jL>^ * l-^SsJ^JiUoji^ 

^jIjj 4—l aJ ^ CyJ) » (|J L5b-o L>j^«$b-& ^ * * 

j (JISL-Lj^La > * jtSLtf b ^ rY) 

^ * 1 ^a t b /»■ £ 1 A) ^j[^a > 4 1 

. (J ISLu LJlSbjb ^ a_> 

: IjAA ^jLLw4j 4^bi^ 

4-J IjcLJb LLmj a«j ^jJ^Ij 

6 JfsmA JJJ J^> J ~< Jj bj aibjj J+l> 

a^_) JJ}J • bj^^ljJjJ^J &—> ^j\jjmm^ j\m —>&j 

a I Ija & _MJ^U ^1 jj_f ja £b$ 

\ * * ja^Jfc i ^jLj ^j Y 

























































^jI jj-£ J Lfi«LJ j3 ^jjj—i C w* > jj 3 4-J 4 _u^jj4j |»^4—^ Ij4—& b^j <sU ^jJ_mjLj 

^£6^b^o^ t^»4 «_&j4j 4—a-i^ l^4«Jb Lwu4»> ^IjjJ" lj*L_k ^.*oL^4—t4»J 

. 4*j4^ ^jb-M,/4*j ^ 4«j 1^45" ^£6^j4»J 6^jbj lij^4*j ’ Lw^j^Lj 4^ |^4«k ^jlS"6ij45" 


6jj-^ ^JJJ j4 —mj ^lS"4*ojj *L>jb ^ C*IjI^S" jLojj 45" jL1mj4j ^1 ^$\1j ^j-i^jjj4j 

fcjb-tj&i (^JJJ ^ ^-*. 1 b 4-J ^j 4»/> i * * 45" 4_t4J& ^jjjj jjij^o ^jbjO ^4j>jb 4j ^6 j45 <j)bj 
^{jbtLy ^jJjjj^y ^^L-) Ij4_k ^jjj 4j4_>jb ^4_j C a—o^j 

JI5n—ujL jJ^Sbjfc ^ * Al ^1*4 ) /j-» jJjj4—1 jLoJj !jjl5"4^oJj 4->jb 4.J lj4Jb ^jLwuj4_> 

jljjj l^4_k ^j-j> ^jj4^_i ^J£jb4^_t !jPjbjd^) (,bj\J jLojj ljjl~ IQ.HJ 4_I b jy^uj 4_I 6’ 

^4^^j4j>^b *lJ Jbj^5bofe AV * l^4_& L,-,^4»j ^L^4 ^_i 4j C 4*j6^4*j 45"& ^jb*/ 

• 6j!^5jLo^j ^bj&j !«Lj4^Jj^ ij45" 


t IjAA ^ISdjLSjA 

^"■" ^ 1 !»^5"4j4«) Ij 4_& ^jb-uj 4 -» I jij5" Jjj lS"d^4^*jj IS" fi^lSjjJk 

jbSjJb dJ4_I L^j4j lijb jjj^J . Ij4Jb ^jLLmj4j ^jljjS" jS" 431 j Jj ^j->b^J 6 J 6 J^S" 4»)4 j 

♦ j4jbo4j ( j^4j|jlSjJb j4j cOlSb lj4Jb b^4_> ^jljbj> ^4jlj C*UIjJb 

C^4S"4-»j-^> o4_S < ( ^£jJk4_£Li& i dJ4_)lj4Jb ^4 jjjJj4j l£dJU —\ 

j4_L>4^0 . 6 ^-»j»4^^j4*j 6^4 - <«^J 45" 6 ^ 5 4*jl5"fi-L/345" ^u4*jb-Mj4*j ^4«j ^jblub 

Ijj 15"6 L„. 4_>jb 4_1 jIujjO ^ Ij4-Jb Lw„.4») ^Lfe4_» . ^ Ij4_ib 4 J do45" ^ b—> 

.jI5"4-oj 45" 4-ubbu 4j>jb (iJ4j jI5"4^jj4««^o4j> 4j>jb j Ii4j45" j bj\^-cu (iJdj Co^5"fi ijboJj 


. 0 j 4 _J 15 "D i IjiLJb ^jL 1 mj 4 j iublj 4 Jb 4 j 45 " ^ 6 jb 4 ^ 0 .) 4 Jb 4 j^Mjjb j 4 j t ^>UU — T 

6»Aj4^>^4^ . cii— »^' j ^ |»^45" ^S"4j!^4Jb 4 J 6^45"4jb-Mj4 —> ^ J li«^-»*-*^ > ^ ^^45" ^5"4j!^j4Jb 








ij dSsJ^mJ> C <Lj L-5^ b ^ L w- C ^U d- 5 LSsj i L> J l ^ 1^ 4Jb ^ U ^ ^ C w^ ' J U 

^ ~i Jl ‘ ‘' ^ ^) _^Lj ci-W> LS^ . d U l J^Ul ^ 4J^ 

L,idu ^jL-cuIj^ C-^lS^6i ^l^a^k 


.olS"o ^ai" 


<4 I Ij4_k ^jLw*i 4-* a_£* i b ja > jLjs&jLo Ij j ijLc^L JLlZu t ^AjJ J ~~T 

a*J>_jb ab Lj> l^a»& ^jU-mj^»J . bjft i U ab 

.b JLoa5* jlS*4_> J j»Jj JLadS 

^JiJrfU <u->b ^1ja_& alUjp l ^sAj*S Ja^aj : jL£Ajjjj4A Al4J jj u .LUyJ4^ J4J4J -t 

jbTI ja & a Ja^Jp ^JL^Zu^S (iJa^aj ^S* • Ijajb ^jLLmj^u jaj jjj ^»jj ^JjbaJ^jaJ J I j b> 

a- L *-j> (^j—^ ^jlS*a^>jL i IjjJ^ ^l^jiaj bjbjdmu jj ^6^ ^jaj^jjjaj 

dJa^aj ^iL>jb ajj Ijajb ^jj aJCL>fi i ^pa^aj cC-Ju&i ^aub l-UiJjfij ^j IS* 6 jjaj 

.CalS^fii CXujjji jlS*a_w»ljajb a^oLoJj jlS^a«w»!jajb aJajjp ^JL2u^S 


►♦'Atmospheric General Circulation hl^A44£jAJ 4J -0 

• l-L->J^ bjb^A*J 5 a_) J , U-3w? l£ 6 J^blJJ ■**' ^»a <WW» l 6 ^ Ijajb 

^ j b.<—/*,' ^ j*ja_S" ^6ja_^oai" ^a«j>^baJ ^*j_j ^jLw.^a.j ^a^Jiuu a»j|I ^j jobj> 3 a^UL^j 

^Vaj ci ^ ijL^i ^«L>jb aJ jjaj ^jb^a^j ^ajLlJUw-j 

^bfi-Lj^-t ^aJ_^> aj aJw^jD^ja^ a^ajb l^ajb Lw^j a.j ^a^iaJ 

a > Ijajb ^j b-^a») ^jj^A-cuajli (1 — 1) 6 jLoj ^6 ^LSm <£33j ja»MjaJ fi^a^^a^^uwoajb 

»a^D ^jm^i ^»a«j ^ d jaj LS^ 6 i JJJJ Lr’^ i>^" 4 -'j^ 









jtetJSLJL j *j*S 4_>jb :Equatorial Low 

CC^«jjS *b 5 Jb*-u ^ ^ i 4_> ^ 4-^6^ ^jjijj^jj i »Ct^t^6 ^ Jj^4_I ^gJbjd^odS ^£4jjL > i 

^jij— cub jbj^^i IjuLl-cuJ 4*b ^Jbjd^odS JtL -)jL ^J^L. I^LJLjjLfe I 

^ ^ 1 C 4_*4^ I Jj 15"ftjI.A.wl c ^ <jL>jIj J ^LmLwQ6 ^ 

. Cu i I 

b<cL>jb j^J .-Subtropical £ (j^AJ ) VLj jLL/4j <i^jlJ -T 

_;j b jl j y * j4j jJj^b ^ S' &jl__> 

L5 bL^ ^jj-^b j j^L. ( V * _ Y^^Lj 

t^JSjjAu .bj^Jbj^Q^S 

I OccUjj^i ^jjb $ <w*-mJ^J ^ 

. Ii4jl>jb j^lI jbbu j ^Sbluj 


^:V:1 j jb-^^u jb Subpolar Low^j^L*^ ^o) ^jj jLuy^b -f 

-°f*> ^^jb jljp ^ISb^-jb jJuuJ .(Midlatitude Low) Ju&jb 

J-JfijLwo Lo |j4Jbjjb ^L-wJj&jb ^*LL1 ^.JL-i cL-^ *L_*j6j4co 45* ^bLLk ^jj-Cub j V 

4«b4»jJ^j ^ i£? 6 ^£^4_& 4—* ■- ^ S' ^U^uaj . 6^^Cw)jb6 » 

^ ^jb—cUj (*£00^-9 ^b ^ JJ) **' b jbjA*-) ^u4 — ^ojj du b_c*j4_) |*^—’ • ^^ ’ ^bbwl ijbu ^LooP 4J> 

. bjdJujdSb i jj 5*b j&j4j !jJLtjL& ^JJ&J 4-1 ^jlbb 


















(jZAj 


(.b jL_. jl oaj>^L>jb J :Polar High&Au^b' jd— i£A L-j^Ij -t 

. J ij LmJ JJJ 4^ IJ 4J&J J Ij 

J IjAA <jJLLu 4J i£dj4JAj£bLt2 

IS*4-JL^4j ^ICo25jIS*4j ^£jj2>4j lj4Jb ^>LL*i4j ^jIjL> j I i ^ ^Ji^S* (j-^b 

jiJ^J> » Jj-j <-L-S* 4j i »<» ^*4»t b— **,<^j \£ *L—b.& cCwjD i 6jlj4-fc ^J LLmJ^J 

♦ Oww»0 Ii 

^LS'^JcJb j4,:; >gu : Surface Charts 

^^Jub ^ 1 * ^ S* <** * . L—i <£333 ^^m. i b 4 J Isobars 4j b uS*» 

i^jjj ^L^jj Ij j 4_^/ b-^4-> ^b&4-j 4-J l^j I jJ^S* C*Ij 6 i lj4Jb LLmj-sU ^ibuSb-t 

^^imi' 4 J I^S*Dj 1 -^—>^Lj ^4^jj 4 J ^jj^sj bj6 i 

^L&4__) j 1—yU b <• LjjD ^ ^JJJ 4j cUj^SJ j4-wO Ij4j ^ IT ^-u. 1 LL ^ 4 ^mwmJJ 4 J j Lw> 

jL &^j ^ ^1^S* ^jb^b^ ci-w)^5 s.j j ^5b«b-k 

4j b—.»i'^U ^Uss^ * 6^1 lj-wij 6^4 jI A*3+> &J 4 J ^pud^d^4^bj> ^<4 j (*ij\jdS"b 5 cfJ^-J^J 

.(0 t^jbjiJj) .j^jLk Ij5**u jj^ jlI jIj 

<U$* ji\^ * i> ^5*4 « 'Ijj ftj d_> t ,.,. t ^3^3 ^S333 ^ ciXjJj ^g*3idS ^ —■' LS*aJ 

Ij 4_)Jj C 6^ ^^>mjj^^bj Ij^LJi ^jLLmi^j » C4_)bjd^ ^33J ( j L* 1 Lj 

. L^ ^u Lw-o^u 


^ * A 









Y j4—& lj—j O/ ^^ww-Ct—w> ^jIS*4^~»** ij 4—1 l£JL 2J^”^ cfXjJj IS* A**L> 4j 

4.>.t^>4 j 4—> C I C—$\—>jJjj 4—1 4.>.*»C->4j A 4—) 1^ CCu t >j >V» * S*D i j o> t ^S*d » LuJ_j cd —>j L> j^oLS* 
^S^iL-tfi jL o J—> Ij4—ft ^jLC-mj4j ^lil^Sbo ^Lo*LJL> j4_mj 4J lj4Jb ^jLCmj4_j IS*4-0lj4Jbjj Ij 

L^JJJ ^ 45*4»^>jIj ^Ij4 —^jjIj j j4_tl> ^-tbC^4_t ^jjj ^4j! ^ 4^* CC*1j& i (>jr^ 

• fi^4C I i&-\Sbb ^C-maS* 4»w>Lj 






















(jZAj 



x Upper Level charts (£$dj -Y 


jiji^ ^ ir 4 .^ 1 ^ 

>—j 

—J ,_jLa<l —u 

J ^J 4i (Jjjj 

—■’^ J i ^rT i — 1 

.Cu^L. *tb i 


•41 A 15"A 4 44 > Aj 


^^mjIj jL-JLjJCS sJ ^ (Jj_jJjj) jJ Lj 4 >jfij jJjZSb i JfJL+ljJJ^J ^44> 4j ^Ssl>J 

4*J ^wJ ^ I j 3Ll*£ LmaS^ 4^t L? ljb 4^t . ^jJl^«4r4/ (Y * • jf • * j 0 * * ; V** ; A 0 * ) 

^"■" ^ ^4/4—4.4.i.^.„> ^5\.4.4 i4,iL j4j& j^j (Contours) ^jlS*4 - wtl^^4j 

^£jL_0 4 4'^U b^\j^£ 4*44*) ^Urf,/6 wU 4*& ^ l^ 4*4^«44f 4^ 

^4.JL->4j 4jjjCJj . < jj4_»4^6i (iJ4«)4j j IS*4 jLmaS* 4_t Lb4j bj^jjj33^S ^Jjjb ^jJ^4») jLbL j jl^S* 

jis^ljLst * * ^jijL-4> jis^Lji/r * * L ^.b 

.(^ 6 ijft i {£3^3 {£333 jJ 4*t 4jj- 1 ^3 4^4»t 4^W4444*1 


: Ij4& ^jL£Am^4j 
















c l£J 6 J L^JJJ ^ JJJ^ J ( -b-j3 ^Ij^Jb LLmj4_j ^jIS^lJL>4j ^Jj45nJLmj 6 i 
( ^£jlS*4_) Iilj4_fcjjb j ( j^4_£ < ^6j 4*JLJj^jJ 4-J j Jj_) j_^Jj6j CU>^j j j jjj (Jjbulj 

♦ 4j I • ^ aj C ^TLw^J 

^S^<OiL_>jb J_| bjdS 4->4^>j b 4 J ^IjJ^ J lj4J& LLmjAj ^jjjj (j^4jli ^ ^j-wb — ^ 

<4 _ 1 J C*-j^S*6 i ^jb-O (LOW PrGSSUTG) ^J-J jLLmj^U ^cL>jb jjIL4*o4j *^j6j ^JJJ jJ 

^Ls_j 4_< j ^jbo (High Pressure) Vb jb^Ju ^^>jb cCj/o l*L& (L) 

.Co^oLl* (H) 


J »l I^L> I^SJJJ ^-b L-> IS* 4_,Uj4jC 4U_) b Oyl ljJ& i (5jlj4Jb ^LL*f4j ^ IS* 4»JL> 4j «b — Y 

4_> ^ f k b~ > 0b |>|>| ^ 1 ^*L_>jbjj i L-) ^ 1 < <>'^w> ^4 -j> jb 4™I U .^yw— mj bo 6^4 * >ui 1^ b 

J IS*4>j 4»j 4»b»k ^£6^jbo ^4S*4j 4j 1^4JL> ^ lj ^S*4 *j - \j&^- , 4*j 4*j 4*S* (jj4»ol^^ 

j—^ ^Jjjjlj6jb-<li 6j .^jIS*4_)Jj4jC 4^-tbj Ij4-Jb4j4_tjj (^£&jb*j4^ ^Jo^S* ^jbi — 1* 

bj^m^bj 4__1 [S*^«. 1 1^4^ (5^4«_) ^4^b4*jJj_t . 4»_)lS*4«*o^j 6 jTUL^u^jC 4»j 4S* jlS*4 - »«j|^4»& b 

. (^»4 - <_£i4 ta k ^^4*j) (j4S* 6 i 4 jIjjj ^Jjfij ^j-^jjb J j\£d£ 

<Jjj^i jb_^4j .Jlj j jL. ^jijjLi ^xL^b j -i 

*ojj Jll^4Lj ^*^4_> COwwLo^ft i jjJ^ j JboL^ ^^SbuL^L IwL-fbj^ j4_S*4j 4»J«_w0 4Jb 
^6j4ji£i4j C*_j/6 ^ Ubfijj4«Jb ^jjljb ^i-jjb!i j jj4Jb Jj 4^jjl5jJfc 

.(iljjjj «Aj^> Jj ^j-»4^j ^ZjjJbj (^^^J^jjb fij^jljJj 

4-> Ijj^- 1 )^^ bojj ^jj C*Jj£b 5 b j4jIjJj ^olj6ij4j ^4-bj>4j ^45 n»jj4J “0 

<*£4jL>jb j4_j J^ ^jJJ j^»6 jbn’ljl5"^Lolj4^ 

.olTo (^jbi jLJLJI ^jj Ub6jj4Jbj jlS*4^ojj 6j)^i-Mjji 4 j 4 S* 









: jLSiUj j jjte AjLL/4j 


Cjj^OjO L<uluj^j *lJ JIT4 <1 «*«*a.5^ 4 *V* >4j j^— yu^J ^*J-j ^ jj^ L^<U 

U—Mj^w> aj I > f^J\£ A*—) dS\m wO^Iw^U 

L-^ U ^ CwjO ili ^ b^bjAm^jj Jj_j fij4_wuOjj^J ^ ^J-j ^5s»o Lw^^U 6 ^ 

J-^ LftJ-J^J .CojiUftili ^^j^>j\j aJ J bjtCujdSb 5 

. (V- i ^OjJLbw) I«L*ojj J JJ^ 4.JL> ^j!^-wI 4 J jlj4-» 


O»Jj4jC *Lw»Ij >jJLt 6j4 —Lj4^jLj> (iJ^j^J j jj4j LLmj<0 ^ 

♦ ij O -w- c Lo ^jbjlS^^J ^L*m£ 



x jLS4«jj 4 jLuu4j ^LS4jJLjA*j <UjLj 






























^S*4_t4jjb I Ljjj 4.1 aS* ^»Jj <*L»>lS*6i ^jL< muj^j ^U^ 

j5wj j!Ij^I i 

6*U^f jj^atLJb aj LfiJ^JJj J ^ISbubfi JjJj ^6jcCJjj5” ^iL>jb ^j^Imj^Lj^JL — Y 

j4_m,i 4J jjIS*4_)Lid Jj^-» ^»Jj ^jb-«j4-t 

4 1 4 1 Li 6 -L> ^^3J \ ^ ^ ^ ^4.^^>jb I ^ A S* ^Q^J * ,<.*uJb ^ <£^JJ 

. (V - £-^0 ^ rnt mUj^ ^jm J iS^ ^ 1 

j&j4 _) 4_S* 6j4—i ^jlS*4—j^_Mj*U4jb — Y* 

. ^Jtljb jji jJJb ^jj^j b ^LwO4Jb C^jIwCo ^jbfi^6j^4i 

. aJjjlSb^Jj4jb 6jJu J^SbJ aJLwo<u& b Juajb ^<ClZJL> <d jlSb-oy j^^uallb -i 

: jLSdjjAj 4 jLLu4j ^LSiU^j^UJ ^UjLj 


.jj4j ^yb^-U jbj^j Ij^Jb LLmj^j ^Ub^u ^-fjij»obj ^ 


LLmj<0 |^j4Ju4-uj <b Cjb6JJjJ jjj ^^>jb *LJbwo4Jfc jIS*6jj4.j <GLLmj^U — Y 

^pu^ub ^£4^_jb j^-wO b^bjj^j 
[jbJu^j ^£^*>jb ^JJ^ 1 ^bl^-U ^bjbj^uj i^jjj J bfiJ j^j 

. ^j IS*6jj4j 4»Lc>4»I 

|j4Jb *UJj CiUlj^j jbj^jj^b f^Ajjdu Jjlj-^b &j*U jlS*6jj*L> jJlMj^ubJb — f 

.C-wu6i jbajbj Jbob*i jLf^bj C-wu6i j*J^ 


t Pressure Distribution lj4A ^jLuu^y J«<Ub 









l 6 j bl *> ^^ * v< j j oL_S* ^jjj ^——f c£L?0 l^jjj J lj^__& ^jLx * 

) I Jj LwuJ ^ . Uu J t ^ j-* j Jjj 4 J 4j 

CX-cCjji j\j—> J^—MJ^J JJ ^—1 LV-,„ 4j (d> L)^ -? 

jLLwi^J j Lw-cL> (Siberian High)^jru-<-Mj ^£ jz ^ 0 L^u j ^j \^^j ^Cwj$^ 

jLl^^u ^ L-o jJ^jLJ IS* jl jUlS* ^j-oJLk ^L»j6j (Hawaiian High)^!^U& 

^jj ^—> ^jl* ^>4 j ^ j^S*L —> i>i>iIj6^1j <lJ (Canadian High) ^jj^—» 

<u_>jb y_(Bermuda Highlyy_., jlx—> Azores High ^jjjLJ 

^jL*—*j ^L—> ^jL(_U/^J .(A J^J LS' 

j lS^jO c$-A^ lS 4 -^jj^ cJLJ<o J (Aleution Low) ^jJb 
.(Greenland )X>'jz->Jt j ^-Jcuj ^bjoj J (Iceland Low) ^JuJi^b 






















<U 4_l ifJ 4__(fijLoj (<»--> L-» J 333*O J (J l jjbjj—>^) l Lk ^ ^ ’ 

3 ^ 11 33 Jl 1 3 1 * t <'gO 3 ^JUmU < 3 JJ^ 3 Lw^ J ^Lj C ^J ywO ij ^ CvJfi ^ 333 Lw-.J L %y .' ^J 

jLw^iU j (lij^oj*L_>) (^jjjL-> <S33^~i 0^-^^ |»*^*^ OJJ 

J ^Ljj6j ^ j^*L_i j&j 4-» jljl^3 jLjj<a5^jj15j jJ JjjJ ^Ijlfc <£jj^{ 

Lllju^j-. ^jja 5^ 4^* (South Polar High) j^-cuL* ^ ja ** m * o^j> ^33^ . li ^j-oJL& 

4_I Lw„. L *ojj jL_^<U L&6 ^j4—& CcUj^^L-S^D i ~ 1 i 1 4 j> ^jjj^S 3 

. I ^ Lw^ L> 4_I <^33^3 ( t- 5" , U^ ^ jiiJ^ ^ <-*- ) 3 6 ^ LwwcU (^£JJ-^ ^ 3 Ij6^ Ij 
























(jZAj 




JLS4JU ddJp 


p te tluJ ^AJ 




ObcyUoiigj 


-°3 


J >-*■ 


J- 


I_X_> I_9 (jjj (j—O * l—Ouud—} 

_3j I_£) J_0 J_ 

4u_9-^ 1 ^ 


a_1 I <_9^UL> I j y 

(j_o I J j—3 

x—i (jbj 'i I A _ 


t 


LJ> 


( AJ tfjjj j 31) AS) ul ujLu^ ^AjIjU jAJ d$ *3ij i jAw ^3 IjL^ A)) 



















JLS4JU ddJp 




^1 Ij4j&45j4j ^^SnJ j£ ij L .64 j ^S"<ulj<ajb The Winds ( } L&Ju^j 

( j.^_i j j j 5" (iJftj c-5sj^ 5^ j jjj ^jlS" 4 j c^w^m.o 

^j4^_t 4__> ^£6^j4^_0j5" *V' Jj—f /«* 

j_j jL-t cL-i&jlS* ^6 jj ^ * **<6.S4-> 6jj^ ^-LojJp ^jJjVjJ> 4j CJJLwS jj4Jb Lb&jjJJb 

s j a ■ 1 1^4~ «JjL L> .ji—i j^—ii>^5" jj&j j—> ^jljtfL—& ^ -** L> JjIju__mi 

6 ^L-> ^4 *_) ^ ^ mi ^4_L»> 4^ Lj >4dC 4»*_t Lt 6 ^^mj 1 ^ U aj C Ijfi ^ 

I 4«J ^<£L-$"4_) |^wLj.^j ^ L> Ilj^^ • C«Jj5"d ^ Lj i 4_> l»L*^4^ J j 

. o 15" fi i i L j 



1n^'- 










«-T3—J 1 */ 


♦♦Wind direction b^^lwljlj 


6jcU*L^>jb j4_ j ^jLJ 4_; L> 

j*L_j cOl5"&J—j4Jb &j4-J*J 45" C*Jj-M^b&i 

6j!jL-Jjjj *L_I *L_$" ^4^_)b 

^b Coi 6 J 6 J^^b cJ ^6 j4j C^uljbjjj 

J__i jlS*4 - d^jJ> ^ ** Jjb . 6 jj5"L_i 
L_> ^—ji^ ^ j ji j —% c-i—cu 6 j 


ciJfcj c 6jICJfcj 15" 4_» li (b) ^jLj> 4j jboba Ju jj ^4^j li^j ,j->Jj4^> 4 J j I^4«1 i4j j»4J 

LT^b 4»»Lo4^j ^4^045 C&jlUjbjl5"<U jLoJ^<U4jL jb-^4j ^L> 4j 

^4*» ^L ^—> jlu jjL->j ^ 6ji^-iL^^lS"4j ^IL4jLb«^ ^4j li6^jL>j4^4i __J 4^4^ 

■y ij*->yjj 


) )A 











JLS4JU ddJp 


p te tluJ ^4J 


O L5" i i J LCCCJu-Q4^>1j ^ OjL-MjJj ^L-S' ^A. W Ij L CC-C4.& ^ j C mO Ij4j C Cw l IS* gU 

^ ^ ■**l 1 jj^L 4_S* 4^4^w^6^4 _m,i ^-^1 jl>> *0 

^jj^lo 4__1 tA- 4 —’j— 11 4»iL^,| 1^L> ^j4*j ^jl^-<0 4o^4S*& i 4^* ^o ^4 - < - mJ^Io ^J4^"^-1 

4_^ ^L ^4^mj!jIj . IjLo j j j ^jj— jIjL_ jj jj coV4_&jjj j o*^4j&jjj 

^4.7—mJjLj j__> 4 __idjLo lo *l_S* 6jip 4 cCw-j o fijlj-J4j Wind Vane ^^IojLo 


.(V-0^6> jCCt) • 4^ 4o L> 


j-JJ ijjj 4$* <iJ4o&jJLo 4o C*Oj-wJ& 6 ijlS*4o L <^£4JCuJjlo Lo Jo (4io)Lk6jj4Jb 

&^4«Jo 4_o .Coij-Co&6 ijl$*4_o IjJu— CCuolj lo j j l$* 4«_I j IS* 4_J i \S^> 4.~— o 1 j L> 4_I CU—l o 

^Lo jj_o ^ULo 4_lo £ C *Loji j-o C^iL-Ssj ^jLo 4 J 0 t**\ * j4»mj 4J lo ^4C*Jjlo Cyli 

^jj^L ^lo ^loLo 4 I 0 V* ^ C C&jjCilo ^lo <^>Jj-> ^loLo 4 I 0 ^ A * C4o*^4Jbjjj ^j^lo 

• (^“G^^j) .6j^S"L> ^L> ^LjL° 4 I 0 V'Vj Ijbjjj 

:Wind Speed M«»b4* 



*L_t lo 4_S* 4^_)iUjjji j4_ j lo ^_)l^C> 

Cru—4-Jji^j CCo jo4o lijI^S* ^jlo 
ib ^Lo^olS*/^-ST * jlo 4o45 *j_> /j» ^ 0 lo ^\J*s> 
Jj .(IS*/|*S* > ,A0 f <iJ4-o^S*) 4_o^S* ^ jlo 

4_I OlS* j ^jjji 4C-*u*ojCo lo j Crylj 

jjjj (^ “0) ^4 lJL -> .^o4^4 0 iLo 

4__^ 6 (Beaufort) Ojj__?j-o 1 j 

4 1 j l5so IjjS* 4 > 4 1 L> ^ > 1^e >6 'jj4j 

•(J’jO <JJJJ j4^i 4J j 15^4^045^40*) 


tJ 











JLS4JU ddJp 




4jI IjIj (The Cup Anemometer) L5ti j^ jj* Jjja* oj^*j 4 j L&jujP 

C b^ I^ i ^ 5 1 ^ «u ^ ( £- Y^) 4-1 4^d ^-wo L> . ( V — 0 ^4-Ltj ). Cu ^b ^ 

bj Cjjl5^4 ^_)^jIjj—mi ^jL^4iL 4 __j <Oli& ^ L^«Jj 45* 6^1 ^S* cii-wijJLcu j4^i4j 45* b ^5o L 

) Ij I> I Ij5* L ^ ^ 4«1 IS *bjjjjj Lo^ t 6^4-L5^J>6 ^ IS*4-)> L> ^£j-*Jb4-i 

j ( ^S*4^jIjj4j ^jjjj4j 4_iJjj CCojj£S*6i 6 j4j_^Jjj4j 4j L ^6j4jj4jjJ L> C4*jL 

4j &^^jl-LIi45* iijS* ^£^-O^L> LS*4 ^ L wm^ i ^ 4-1 jJ4«o J ^ j 4j ^j^o L Jjj ^£j4-«j4-I 

. ljulS*&jljL-> 4>jb 4 J L ^j|^ ijjlj4j j 6j4JojSLwIi i ^jlS*4j ciIlJ3^S* 


csr^./ J IjLj l-tijj»j ^IS'ojjaj aj 

ijijl^a_il_jLSsjj »a_l «ji n 5'a__> a_i ^jlia^oaji i."« >£b~ bj\^j&j bjbJj^^u^j^\j 

*£~jb i 

L> j (Theodolite) ^ICj&jI5*4_i 4—. ccrujljj 

•l^U^ -5 l5 ^Ij Jj bjpL> ^4jj^> 


^j) • 6^4j^JL 4»J (jlilj) Jj-Olj ^£jijj4*j ^6^4jIj 4^J4»& ^4^jj 4»J Y 


Jj ^-WJjJ-l iU ^ ^b»jLLJ j<C <0 "f 




JLS4JU ddJp 







<*JL+)b j 

j 6 j^ 

ai* J>! Jj<^A 







aj Jai'ji 

0^*) u*L£* 


\ 

Y 

Ja^ji j &ja_L*L^ 1^5* 

cJj— j ^S*a_>lja_& 

Y 

r,\ 

A 


cJ _j-too 

r 

i,' 

<\ 

VL» j ^L> ^ j*® i ja^c«aJ Li ^ja^jjlS* 

Ijajb ^5" \jbjj*u 

i 

A,V 

W 

cp^ 

(JP^) 

0 

u 

y r 

b JJ^ 

jL&aj ^5"a_)S j^*i 

*\ 

> 0 

Y \ 


«Us^LwoL»o ^JJ^J^iJaS , 

V 

u 

rv 

o$J c$j J^-^j IP* 

L ^ajljaj>tlj ^aJlujIjbaj 

JjjJs 

A 

YY 

tr 

Coi Ijul^ajU-aJL jtLujtL) ^ ol 1 j> 


<\ 

Y*\ 

0 ♦ 

0^6ji ^Ui-^Jajb ^jjljjaJ 

JjjJujJ 

^ • 

r- 

CA 

jLojajs ly J ^jlSUjlS' 

jir**i jjj cP^P^P 4 : J^ 

> > 

rr 

M 

ublr* Lp l£jjj jjj LA’^iJ^J^’ 

oUj^ 

U 


^jJaSLLiJ >j[f ^Lj&j [jbJJjj ^ jl y> jJ Ojjjj-u (A 0) 6jLoj ^aJLJu> 


j y ^LSLjt: 























JLS4JU ddJp 




• 6 jA«JLj b b*JUI^ A V n'\j L j^y.i4j lS*bIi I-Lw^. 1 Lwl ' IT 

^aIS*4_Ij5* ^S*4_Ljj ^A*^jj 4-J L ^-jI j *Cw*Jjb ^jljA_&jjb j C*jAu 

1 1jj—> (j a*j Cu^ c^jaSL, JSji&AL) bjb (Wind Roses>L 

• j—» 1/i^ . .i. ^ b A IA V. *,* ■,, ' j' A*_l 1 * >j Lw> j4h„>,iAJ OJ^jljftjL^ jj —> lj\ »?» * ^\J L. 

<Lw^> A_J ^ I ^ A^, *<» * 9 **' ^£jl—O jj—’ (3” )jm»m+Jbb IS*A^_) ^jlS*bli L&6 ^jA,& 


^£j-O^L-> ^V *<» *) 1^ 4_1 4->AjLtLt!,S l»LwAjboA»j Ja^aJ Ubfi^jAJb . ^i^Sbjj^j 

•If* J ^J^ c^ j / c>~^ do^/ ^ cr°/ 


♦ jASd^ b ^ jL5 a£ ^AjIjLS^A^^j 


&j4S*A*jA*j>j b aJ b bjd^uj> j ^*oj45* <^£aJu i^JJJ aJ IjAJb ^JjAjC 4«oIj (^£jljbj> ^JJbAj 

<U-^ljb) L <Jj> Ji tjtjjj <Jj> ^ c '-P>? -8i j 3 * 

m. i ^j^jL ^ j . 4 ^1 IjO ^jls" b j^ojj j!^> ((^£a5*4«w> I^ 

.6j6jj6jb ^l! ajIjj jj j o-^b^> <ill) j o^j-’jj^ l£j^* j IjAjb 


^jj-j Ija_& x Pressure Gradient Force ljA4 ^Lb^U ^j,il -\ 

• bjl ^ ^jbo <£ (l^JJ^) aj iUljcUfc ^LLmjc^j ^L&4j ^jj-Mjb 


JK ...iiJp.^v.^N * ^ * j) 1 N^A ti^. ,l tjj , & N * V 4 ) A t A ^ A ^ ^J l ^ A \ 

(0 — 1 ^-mj* j ^ 4 j L u5^A«j I^A^ Lw^jA^) IjAj 


^jLL-mjAj Jj b L ^jLImjAj aJ j I^AJImj Ijb ^SsjjLfc 6 jljAJb ^jLlMjAj L^aJaJ 

Cw yufii aJ j jb^MjAj ^J^Jb A_I iL-S^ Cwjjji |»Ja 

L5 5bL> b—>■<.! A») jbjA*-) 6^VL-> b-M .i A^ aJ ^Jb jpJl i Au IjAJb C I^AJb (^^bjjA> 




JLS4JU ddJp 


p te tluJ ^AJ 


^»a _> c (V" 1 0 ijl—^i) I Jj 1 * .<1 ^ Aj ^jLLui<u ^ ^ ^ Ja$" jJ L bA j ^b Aj Aw- c 1 j b a»> 0i |»jj 

.^jlbA,*oJj Aj>j b j 6^Aj lbL> ^-’(j^Aj aJ b |^£Aj^J> ^£6L ^L4-»4jji^J> 


^j-jb <Jjt^ L bbjjAJ* 

MJ^J ^£jA^*Jjlb (j LmjAj 

^_ »!CA_tAJb L ^jl 

4_I O l_S" 6 S S l_IJ i_I 

td—!-P 

^ A J3 Aj cj lr **' Aj 

<J*A — 

^jlbA_L& ^£fijAj jJ <ibjj ^A$LjaJ L> CjlbL> ^biAJ ^j^jibj Aj 6jb ^ Jl b j jJj 

6 J-JjJ j C^ ^j A_) bo Jjjj A$bj-> c J|LmjLLi jLmjAj Co^b Aj fcjAjLbAj ^^jLmjAj 

CwJ&i jljV L ^J»jjj ^Va_i CA«bbjJj <iLU jL^JTA j ^jLw^iAj ^jlbA_Lk Ab ^AjL>jL jaJ 

. A-> Ibj ^ bj LbAj ^j LmiAj lb aL& j l^>o <5 6 AjAj>j A^ 


ifi 3 

?i 


^ yj ^.rjJi jLkiJ n_l 


I 3I» I 


1 


^Um^u (UujjJ^jjd 


jijnjjjjULwBJ 


r/Liu^u (-jUuuucu ( . 


colbai jLlmjAj ^ajjL j L jlIji: ^jj& j-iaj ^mjL (Buys- Be I lot Lew) OjJb ^Lb 

^»j_j Lwu aj o IbjAj L aJ ^ Co L* &^ ^L jaS Ab Cww'& ^ I ^ ^jAjs aj &^aj 

l^£bj) * * A«J( 5 ^ A^»mJ ^^Aj Lw^Aj J ( I JJwO & Jj Aj ^pM-*^bwO A^) Cw w' i » 6 ^A*jAj^ (b*^ 

. A_tA»& ^ ^ ^-uA^o iU ^Aj AJ>o—> 


: Coriolis Force jvijjjjS 


^^AjIj^-m-/ ^-»oL^A— > aJ A»^Jj^jh£S* b jd^uj A-ilS^fii ^b* Ab* cbu^b ^jA-b"b 

^jb>jji (^jO jAmjaJ Ab ^aJAj jAj .cUljfti CXujjji I-UaS* 6 jDjA«j Aj ^j6j 













JLS 4 JU ddJp 





^tr*j>JU*d***i*"r 













iCA^TI M3 - ,* I 33 j“ J cJ |jjp j ,j-p^E-g i> +5 .ayu -nJ 


1 c 45 *ji ^ j ..'j3 ^ 

> • e " r/s > ^ oj fl .Mi ^j&^4_*o45* 

.Iju15"6j<u*4-o<l> <d (^,0x 

—■** l£j j — 

^&^)4—i j 4—*j l»Lw>&^4^o 45* ^L*Jk4j 

.ol—5*0 il—->j jl5*o j<U* -o4j> 


^6j4j!j^ ^1 ^>4_$* (ji 1 j15* 

C fi jriSs ^ ^£*4 mO Lj 4*jj L 6^ 


U_> ^_>1 ^_So^5* A _j 15 *j4j 

jUb 4 J Coj 45 *& ijfc i 


i^J—** — ij y — 

— ij£ tjj —-* - lt^j — 

























JLS4JU ddJp 




Jp — 1 ^j) * ^4^4-1 L> ji *’ ■ ** ^Li ^£j4»_$Lj L 

)L ^—LwO ^4 7 imJjLj ^4j1^4j>t * i4-> ^ Cl4I i*^f £^4 * .Mi 1^L> 4__1 ^ » <«'4^)4.JL> 

^4.7—m.i ljL> ^ 6^47 oj^—M id ^ 4»j 4 JL» 4-_* (Cyclonic^jljjj—» ^£4-bjj>) 

^4-iJ^l-m. i 4-> 4 JL> £ 33 ^i 4 J (Anticyclonic ^4Jjj>) 1- l L * j-wq^j IS* ^Lwo ^6^4 j!j^mj 

<SjJ) **' L* * > 4-_I 4-«^o4*j ^£4 j Ij4j>t 7 ) C (0 ~ 0 ^6jLu) C7wLljJ>6i £3^3 £33^^ £^3^ 4-1 jj4j 

Ij—oJj ^4->JJw*i4 j 4.JL ^jj6i4 _1 ^Lo^jlS* ^_LwO ^4l_JjL 4—i 1 —1 cilljlS* OliOjjj £jbj 
. Ii^j4j 4 —i4j Lj 4j j-wO^jIS* ^i-wo lj L> £^-> I^4j>o-j ^ 6^4-*—i 

: Friction Force jdjL££ dll £}lfc -T 
<«ii—«J —<-£ . LftJ—ijTJ ^—>I 1^^ j4j ii^5\—TilIj-w&j4«-j 4 _jL 5*6 ijIS* (jJJLL-> ifi—* J ^ J —Lfc 

^£*L_tU j4_< j4—m.i4J 4—14»& £333 ^S"4 -^-)^ &£ Owwwu i 4j& ^ £3^3 £333 £j^l3 ^ <—^j>4jLm^ 
^ Li I^I> jli'fijL^ J jL-mj jb ^4^-jb (iJftj *^j4jij6j ^JJJ ^ 

ciJ—li ^j-Jjfe . j IS* 4-J L L-i j jlS* 4—ij L 6 j4-ijjj (iJfij ^jlS*4^jJ J C*>4 j 6jjj 4 J ^jbj 6j4j4^*6i 

^-i^Jj^4-_i 4^_i 15*4—1 ^£4^_S*4*jj aSs-)J)\£ Cc->LS*fii j»4*_S* £3^3 £333 4-_I 6^4*->^Jj^4j ^-— 1 Ll> 

(ji_L .jli'^.jL bj&*->33j ^J^-^4j jli"4jL_^jb ^5 jLLi j4-**i4j ^^LcuL 

j4—^ CV-^wwwwoL C7w> £ 3 ^ < 3 *m**- l £ 3^3 £333 ^ 4 J ^jLJ 4 J 

. jJjLL> <iLJ L^ 6 J^- 1 ^ 4 J OlS^D i iLj 4 -Lj4j41j 6j4j4j L ^jI 4*jjj 

£Jir^ £ 3 ‘&-> 3 ^ ^Jj2i4^1j6 i 6 j4jJjLL> <iLJ ^Jjb4j L ^jI ljl> ^6 j4jjj^o4^ 

j l-Uy-Jj-ijj^ ^J—r j4im.i4j jL-m. ' 4j ^£jL ^i-i j^SjcLuj 4-w-id ^ ^L4^o4—) C^L^-iji^S^ 

^4 *77^S* 4—) ^jL < 4^j^L 6j4—ijjj j4 ■*A— I L* ^jL— mj4«j ^^j»Lj 6^L ^6^4-_t ^Tul—i 

4j L5s 77^ ^4 <<'4-1 j cCl^ I l j j 1 j J ^Ji ^ — ^47 o' I j L 4—1 4-_L (V * — ^ * ) 

Ho 




JLS4JU ddJp 




oboV ^jLiujiU aJ aJu (Y * — V *) 

.jJjLJL> (illJ ^jlS* 4 j 6 jb 

: Centrifugal Force djddtJdjlj A) jUiji £>.x& -t 

^ UwJfi ^ 6^6 wL> 6 ^b^J 

*-fe I-LjJ> £ bjbj&J ^6^4j1jm) imi >^J C ^^*Jjbji 

<il-jj j u-, lj ^ kjb j-L-£i j*U>5*O <U L ^ 6 j^jj^j^J L> .C^uft i Cw^jji Jjftjb ^Ijj 

fcj&J-j&jb 4-1 jljjjJ t(C«w*JjJ >0 6 jbo*L> ^4JLuJjb 4 j (^£4jjjj) 

Ib—> ^J —> i^£j) * <«'4j4-lb ^5b>-Lj&^b ^jjD 45 -..• 5 —> tj4_u; 5 l$* 

jfij4_> ] \J ‘‘ \ ^ b^J ^jl-\—>* fe . b^^mJjj^ ***b $ 

4 J j (^ljIjIj) ^jJu^ 4 J <cL^ibj j (Centripetal Force>Ju&jb 

^ ^»J—> ^jb—*^4-j ^£b^bjb i jj—’ * >6 ^ 6^5 Lj 4_j ^jb 6 ^ 6 «L> 6 ^b ^jl-U 

*lJ j L^ukU * 1 ^ ^ Lu j \j b (jbo4J&4j o4j . Jju ^£*-*Ii4j>4j ^g+lt^jb J ^Sjj^ J b-M. ' 4j 

^ 4__> (j L— mj4j 1^.1 J ^ ft mj lj b ^4j|j4j>t j jj^— — > .m^jAJ b ^ 

4_j4J& ^bjjA^ ^5^4-jjibLjjl^ 6 j&J-j&jb 4-J jlj-jjJ .OlS* 6 ijlS* ^^^4jJJLMj4j4Jb 

upl^ cJfi^ -Lj&^b - *■* ‘** 1 ^jJ>^J t^ujdS' Ci M ^w .1 . 1 

jjj-l^o^j .(Tornado) jibJjjj j (Typhoon) oji^LjJ j (Hurricane) Cr^jbjfc 

L> C 6 jrCJoj-J ^4 jI jdjxZu ^\jJub jjiU 6 jbJJb jb^J jljj jJ <L> 2 j^jj^U^l! 

^lJ jl-LJ^ ijj ‘L-adS bjibjjj j jr^b»jb& ^l! b ^ 6 j4jIjj-mj ^ 6 ^rufi ^bjAuj^dJ 

_>b& Jj jj j4_j ^ »!jjji Ljj ^j-Jb *LJCud i U^ 6 jjiLJ& COb^fi i i Ljj 6 j 6 Jj 6 jb 

•(V - ^ (jjSwib) . bj^ujjjjjb i b Jjfijb^jjfii^U 





JLS4JU ddJp 




b^bj\ ^£4j ] b ^4«») L-> j4_M.ib 4b 6^4^*jjb ft^LbjjJk ^£j4^bjb <w O jS* 4-) 

♦ b J^SmJ 


>J-J ^->L1-mj4j ^J-Jfijb j6j4_i 6L_> ^jLL-mj4j ^J-Jftjb <b jbL*^4j ^£^b — ^ 

.lib ^1Ijl^ J4S* id 4_t4Jb ^-^4 jI j4jlbj ^^SbjJjfc j-»4j cOljjft i 

\^ s ^ ‘ 1 4_1 ^ c-jLb&i L> ^4.V_.Ijb 4b j Lb ^Jb j»uI i 4j ^bj^jjjb” — V 

.Oli&-L»^f ^4 j> ^ijb j4j ^lujj-cib ^fi^ud ^ C^u. i l^j J S J^ 0-5 s j 

bfi-LJjJ ^4Jwbjb j4_**ib jib ^kjb j-L—£ i4j 6 J&-LJ& jb 4_I jl-L^jJ ~ ^ 

. ( \^*m*m ) b ^Jb) d^b—tii ^ ^j4j ^j^*-Mj4*jbb b j^ji b^jbjbS ^bj^j ^ c^bfii 


^J-LLfc ^jb*L_t bftJ-Jjj ^^Jili^f Ubfijj4_& Cfij*L_jb6i b jJubl> <iib “ £■ 

. 4-» lb6 i ^b ^j-bjj-»jj^ 

:b ^jLSijj^ 

J —) ‘ * ^ jjJ dj 4jl^J&^J J 4j l^J^J (^£ ^ 4J& b-Mj 4j 4j l i b l^J^ 

j4^_tb 6jl^b«J> j-JJ ^Ss^ijjbj Jj—> bj^S^Jjjbj b bftJjjJ . b JJJ ^ 

4_b L—5b 1 jjb" ^ — 1 6^6 (*\ - 0 ) ^4_L»jb • lj*L_& . ,, < 4 i b l t ^ < ■** ^ 1 I i b I ■ *v 

^L4-^o4j ^£4^_)j^JS 4b . li ^^-*o4^_t Lb ^^->b^o (jl^-'-’^b i lib |^£4 - < - b^b 

b^bjj 4__> 4 b lj4«Jb ^j^_ui4jbL I^J^b ^^oL^4»j b I i Lw- c b b 4»jb5-G^j ^4^u i Ijb ^jIjiJ^S* 

^bfi-L-i^j ^4 V iMiljb ^jljj-b Lk6jj4_k clijji^o4_» 4 b j*J—’ ^^jbo4b 

. lij^o4J b b |»6^^i ^- , ^b b 6^4 -<B jj|jbb b j^bb ^b*j 

L5 jj J ^4jli jjljLw> ^b jjlbjjj jb :(bjdj bSJb ^b «^iJjJ) iijl^ii; ^b 

Ij4jbo4j (^jbjjj ^b ^^jbfijjJ^b .C^Jfii C^Mjjji 6 j4jIjjj j ^jj6j i ^j4»bwo4Jb LLmj4j 




JLS4JU ddJp 




gU J L) I i ^^*0 L^aJ aj C«ww >0 C-wwjji ai"a^L ♦ ( AyLlflAA ) jb ^Lj^JU^J 

ga£ ^ ojj ^JJLMja«jaJLj ^jl^jljaj c^yL < yi5"*GjL I-L^j-»6j ^L^nS _^>aj Ijajb 

^ ja,»«» aj> aj>? ^ ^, a t a 11 t ^ ^ja__5sJ^^ ^ ^ ^ - 1 ^jja^_> * ,,, a t a 11 t ^ 

ciW cya.A—$bw> ^ja^Lwoajb 1^ aj .yjja.*^—oaj> ^ jj ^-> ^j^-m j a,jabL j 

j ( ^ * _ ^ •) jj>6jb <U IjLJ jjj j ( ^ • - *) Luji ^<cZsJL > <d ^y IS"jjL 

o o 4 

•(V- C^jbjl^j ).( ^ 4 ” A 4 )jjj*L*> ^L 







jLS4jU ddJp 





a_I a^^uLaJujP :The Trade Winds 

*> fe > <• ^ojj 1 « ix'gU »**i 6^4 
























































































































JLS4JU ddJp 




4-J j *jj> ^jj^L j—i ^jj^b ^6^-u^J b 5 A.W l J U b ^ 

^4-JjL jlj-^j ^*L>jb <U ^JXitLAdu C(V“0 ^<Ujj) 0^f*L&jj£> ^jj^b l^J 6 J ^S^J'lr 1 

b^A *->\£C 4^b-j (iXjj ^j\j ( \* * ~ S * ) b 

IS* bjb^<jj*m*m> ^gjiS" bjljijdS' ^jb ^jljb ^£j^k4JLo& i COwc>6ij6i 

. IjjlS^cUjb 6j*UjJj J^Lcw^J JjJj^JLj 

^jjbjA^^odS »■>» <ui (^jjbjd^^odS (^^j) a£s]j> jij^j4 ft ^jl j ^ 

l^jO l£j-^ lSjj-^ J lPjj^jj^ l£^> (IntertropicalConvergence Zone) 

_>jb j^L-j j j<L_S*6i _>4 j 

jLL-mj4j ^*Lj>jb *U 6jlj-^b 
^I lj— ^-w» .j^gjb 

<S (JJJ-^>°) i J-L^- 

^ c ^yL_) ^_bjb <lJ l jM^jbj^> qa£ 

^b b * ^l_1 > (»bj^ L_> 

J y£S"o (^bj^ oai" yifc ^J^b 
c^jj_*iib yj Ijj Luj 4 J 
*L_jI$* 6 i ^iL-^^Lub ^L-S* <b**U*L^>jb 
^ b ^ j* 1 ^ ^ ^ I 

cr’^ ^ C 0 j^ -5 jj'S 1 
f^gbjbjlj^ iii^j j >b (Hadley Cell) ^j-> ^bj*-j>j\j> ^J ^jbjjb ^b 

j»4_I yii^—£1 ^ O • ■ ~ - - 1 ^jbb_^>jb 4__1 y L b ^ Lft .<wwj.Ljbj 

♦ (A — 0 ^6^*-mj) iwO »bbw> b»*j 



.■++-^^Jia,Jj*j—WJ jtffV■* ? Jfc*j+ 

-■»_-»j fj ■ rll^Pt^JUkMIfd^l ( ,J.’ilj% ll _-L-f-*JiJ- lll ^-‘J'-*.'.-L 
■tJ > rp mw IF&5 * - "*''•*•' rr.~ ± A ■*»..<-i-■■ j pi., p. ir|I if^ij-iijLpj 


. b^^mJ j-^bft ^ 
















JLS4JU ddJp 





jbj 6 L-i j 4_> I i L&j6j4_^4J j CJufi i C^w.'JJ^ mi < yOjj*L-j Qy6j4_^o45* 

. Oljj&i ^jlS^ 6 jiLyy-» 0 iL> 


b ~ ^ <wJ \S S «Lw> (JjlS" (J 15* b 4j> ^ A*J lj <»--> 

<L^<uL ^^L_) c V * y Lj ^‘LJjb J|jj6 i 4—1 (J—jM) <J yljbjjj ^b Jj 

. bjdSjjjMib 5 \jujbj 

jLLm<Li ^4_>jb j C<oj4 )6 ili ( Y* * — Y ♦) jlj-^p ^4^>jb<U 4_t|j4Jb j^J <ill-£i4j — £ 

. J^Lp ^y4^J^>4j>u> y ^jj4j 

^*L^>jb j6j*L_> b&J—y y>4j>; <jy yJjA j jL—^*L^> jb *lJ 

.^jU ^j/jlj-G J, ^>#4 QytfjjL jL) 
















JLS4JU ddJp 




jjJj^SI^ J dtlb<u :The Westerlies IjlJjjij^lJddJp-T 

cCwjS ^ ^po4«_) I i 15*6^4 *<» *o4j> jjS'L jbjA*-) 4^>r—o.* j ^£j^4*j L<-mj4«j 

^jj^L ^0j) ^ i 4_I Ij L-> j jj j U ^bfi Ju4JLu4_* j OujiftiV 

^L> jLj Ijbjjj ^b 4 j Coj^biO ^4-04^ ^jj-bb 4J Ijbjjj ^j^b j 
^4j*jb 4j Ijbjjj ^b .(V -C^jbjl^j) 4-jl5jjb ^b ^4^-cJjb ^4 jIj4^1j aS>Jj> C4jIj4^1j 

l^j^. 1 ^ 0 4j> 4J>^o»o ^*oJj j b»u. i 4») b j^uj 4jlS*6Aj4Jk D^4»w>4^J^J> 4j>ua»w> tj) b-n j 4»i 

^jjJ— m.i 4 J 4^*j^> C6^jbljb ^ ^jjljJLcu ^jbj C^jbjjb ^b 4»J 6^S*4*jb 
.(^j4-w—o4j> 4 j>hwJ ^j-X-mj4-)4jL) 4-tli Jjfijb ^4-CwwIu jbLMj4»> 

^4-lli^j 4 J ^ 4^6 jj^u 4i" c^-Lj-vSblj (Ferrel Cell) 4 J dll^4j Ijbjjj ^b 

I»j4^ iljb ^Ijbjjj ^b ^.^$>J*L&4 j iJ+>aSaJj> cOlS*0 jlj4j li( 'A* - V* * ) JJ&jb 
^ Cl^bS^O ^ J L-MJ ^Jj4«yy_^0 4j> ^L> 4__) ^ CJ LS" 3 i—I- 1 Cw^jfi » ^jLS^6^4m» »o4j> ^b J&J 

Polar ^j4 to »o4j> ^4 j4«j) ^j4 m» »o4j> 4J>?—o.*. 1 w4»i4jb ^4»^>jb Cwjjj» 

4 1 jjJ j4^j4_mj ^*0jj4_j j bSjj &J CU JJ 4^ 0 L-mj ^1 j4_& j4_mj ^Ij4jb .(Front 

j ^j —16 i ^L(4»)b6j6j4 — mj 4J jL^b C^j4_^6i Ow^ijj^ ^j4„yy_^o4j>^*oJj jjLLmj 4«) ^4^*jb 
^4-Jjj). j*L^6 i jlj^LJ Jj_L* -5 (^b j45bJ 

.(A-o 


jb_^4j ^^jb -lJ ^j^l^o4j> ^L. :The Polar Winds £>4^4^ ^b^JLJp -T 

^J^L. ^Lj» ^j4 »*» > 0 4J> 4J>?-o-wi ^*oJj ^jb-^4*j ^4j>jb ^bj^J b^ 4»oj4 .m^o 4j> 

^ 4_j^4jfcjjj ^jj_Cib J iJbj-^j 4_I 4_j^*L&jjj 

.(V - 0 ^44Jj).4^Cij jjj j ijL*i jjj ^^^^b cOlidijjj ( ^ * ~ *\ * )jjj^-^ 






JLS4JU ddJp 




(<JjO ^—J <iJ—jp) ^jL-^jjj ^L-i a ^ (The Polar Cell) —o*l> 

Ojj ^jL_ui^J ^£4^>jb ^J^-^4^j4 —mJ ^-0^j4«_t 4—1 b<V' b CC-v->.4—Sbw> ^J^.uwO 4j> 
Cc.<uj4—^^4 m» *o4-> ^^j4—t ^jb-M,/4*j ^4^_jb4»J ^ c^-uO 6^6^4-fc*i4b 4^* ^^4 .m^o4j> 

. (A” C^JjJj) .OlSb ijlj4j ^j4-yy^0 4j> ^J j_> ^jii4^o4»i 

UjlJjj ^4^-Jjb ^1 jj_f cr obi4^4j c^Ljjjdj tThe Monsoons L djjd$ 

L^JJ 6 J t^b . 4—b ^ V * 4 J LbLf4j jLoaS <iJ4-t&j2L*Ii4«) l-LL>jUb j jLLmjj J jl j^j 4 J C*J.4SbLt 
^-oL^4__t4j Ob&ijjj b < *< b '"' b ^4_^>jb 4__1 J-u!b4_> j -L ->j ^ 

^4—£jjji 4j> r —o, Jt ^j4^j bju). 1 3 L _c u b ^ISL^j j ^-U-Jb ^bjftj ^_£jb jljJu 4 J 

•(^\ _ C ((jb-MJ-Lw-& 

^Ljj6j ^jbj j4_SbJ ^ ^06 i ijb^i ^jl^l> I »L> b-MJj J j^ c£jJ 6 J ^ 

m.i 4^j 4i J b ijpjd^a^j c-<uj4—ifcib I-Lib— <SJJ^3 4—1 ^4—mj ^-o^4i«j C^£-Lw-fe 

^4—tb j4j . 6j4jCu&b-u^b b b ( ^£45*4-wtj45bjjlS* j C-wu6 i Jlj bj ^_£jj4u 

6^4^—cij t*i (^bj 4*j ^Jb bjA3ujj+*ib 5 4j ^wO^jIS* ^i-wO ^£6^4 j ^4jLculjb4*j 

^-LLJb ^bjfij j4_u^4j 4^ 4^oJj b-u. i 4,j 4^o4_i ^^d-Lw*4^o^b cb-M^b b j&j ow J t - 

^-LJ-Jb ^bj&^ jbj^J ^jb-^4»j 4»J b i L^ -' i ^ 

.(<\ -0 ). ( oV^jjj ^jjb'b ^b) 




jLS4jU ddJp 





i jb-^ <iJ«_ljlS* Obftijjj 1-U-ijLfc ^gdj\jdjxZ-> 


J L«y J t ^ jJ dS" cJ^UD LmjO II ^ L-m j L* L J CCw.%^ L 

^jLl-MjiU *L-tj£j C^JJLJfc ^Lj6j ^jb 

4__) d^lLl) LwM. ' L L |»Jj 

J (lT°J^ 0^ l£jj 6 J 0^^ 

L)jDj jj ^> ^- ) Lw^aj 

j I-LwIo ^ ^—» L) <.Oww>0 Cw- c jj ^ 
l* ■**'L* > ^«LJL<J& ^L—ij5j ^jLi 

^Sbo Ij L ^ ^yj *u ^ IT 6 wLI 4j^ 

^j—^L jj->^—^ 


IjLjjjj jL jj^L 


.( CJuO 


<U cOb&ijj ^^Lsna U <Li liL-u^lj j ^J-LJfc ^Lj&j jljJo *L Li 6 jj6j 

j6 j^j b (jjjT) ^jjL^ ^Jj6j ^ (^6 j^q^S j {J^>j L - ^ 
^^^-cuL (^6^-0 ^jL^j^L ^L ^b^A*J i C(^ * ~ 0^4 —L j j) jjZ[j 

(^£j L^»J l JJj£^ b ^ ^JjJ^O 4_> tU U ,JJbJ J&mA &£ ^4j>jL <£^ J 

jbjd ^) I^L-ijJjj <Sjj) **' ^ Jh* ^jj^LJ Cw od i 

*lJ ^pu4-^o4-i ^4 j1^4j>t * i ^JJ^L ^£6 ^■ w) I^J^jL ^jIS* c^bdwLi^f <w*.mj I j 

JJ-^L j6j*L_» ^j6j cPJ—£■* <iiljl5* Obdijj l-Luli'jjL ^L 




















JLS4JU ddJp 





lj— S*aJ j_^>4j ^^.wfl^b J|^S*Ij ^bjA*J J a» (Jjj C<—*j^jO 


. Co j£ fcjJajb L-ujIj ^jjOib Jj 

^ a_ta_>jb jL5jijiLJb C I $ L _y g b j ^J»LJb ^bj&j ^jb ^jljb^ — ^ 

^L>J OwJ ^>b ^aj>-jbaJ ^j^->Ij4j COjO^jImj ^ISbdij IJjLLmjj j^jjj 

^ 0*1—S*o ^£a_S*a«wo^a^*aJ LjT'j.jj b ^ a_S*bjD^aJ Cwjs ^ ^l— mj aS* 4 —j*V L>-^ 

l»^o5* j—11b»** * * >jU a»J . b-»jO ^6^0-1 6^O l^— m*^ 4>J a*jb-Mjj ^b ^-O 

. <w* IS*d jJajb ^bjA*j fi^bjO aj ^pub&O^J ^ b ^ja*S*aJ ij^l^a*j aj O u i ^ 

*lJ LS^j (4_—>*^fLoaOb ^L_>) OL<.fe ^j^S*L. a_I ^jlS*d^j4__> a—>L> ^ L^> — V^ 

C ijOjj^J I*L_»jj& i Aj 6^6jijS*Ij ^jb j^OiIj aJ AS* ^jAS* 6 i ^jl>b ^ ^ ^-^aj ( - £ J L? ^JJU 

(c^jO lSJJJ ^ <^4lP) l£^ ^^ojjS* ja^aJ ^jaivjjlS* ji^-o^j 

^L-. ^j^S*L. ^I^a^jb )^LS* aj b—^b »£>l* ^a_>jb ^jlS*6^^a-_i Lc> — £> 

. IjJLtjUb ^jj&j aj jJjjbo (bj\-w*i) 






























JLS4JU ddJp 




4«JLjjLb ^L-i i 6jj6j ^4—JL i j*L-i C*L->4Jb *L-i (^JJ 6 J ^L-> jj^Li j-o^L-D *L-I 

4 fcjjj mi ^>Ij4»k ^ 14^ &JJJJ L^JJ? ■*~ l b) 

. I i4-o«Jj4Jb j IjJLmi ijjj L> ^jJbdSZ-fb ~ dS 4 6^—> 


c^-^jji I^jjj j jlj-^» *lJ ^jljL^> *lI ^IjJj ^b t^^IjiiD 

,_£<ljIj15ja jjJ ^ j j jL j jls • c 4^° 

♦ IT6 jh^J> 4^j4«$*6 i ^15* 

Aukjdu ^bj **+>jbb Lj 6i ^-jL^5nJL» ♦ Sg 3 Breeze Ljjd^ ^4x2 — ^ 

^jj-^ojiL-^ ^jljL> ^JJbJu j iUjIjb^ Ljfii ^cLLcu cOliftijj li^LLtjUb ^b &jj&j ^ 
lijjj J j*L-£i jlj-Ju *lJ Ltj&i ^jb <S^i. ^oliOjj Q^jlSblij) jb j ^jlSb^j jI^Ij 

bj4 ^jl & 1 jjS* 

S* ^^bj cCj^ 
^ ISs MlJ 

L_jjo ^jL_j 

( \c^jfo 


4 6j4 JI«L)i 5 i (J^^pJJJ J Crf-U& i |»jdS j iZ^Jj^bSjbj ci-JL^ J jJjjj (SJJJ »J|J^ ; 2 

Jj—» jjL->j L9JL^ ^b-> L&6jij4»k 46^^jlwL»6,i ^ LS^bj » ^ <m*j^bJujbj <m£jbj$ j^b 

«L»y J t » t^b^bj^muJ ^wb> l$J<C <*Oww>d ^ rJ ^ 





















JLSAjU ddJp 




ISL^j jA_m,iAJ f^£dSm) l$*& ^A.miA^’' cl-w» IS* CI » & ^33J I bj&i ^AJ«£f 

L> a_$* bL>ijo ^J4 »_S*a«I i aj b^bju^j i^j o* IS* o b^&j a«j ^ 

dJd _o i Ijb ( j^iA ~15jAj 

JjJjjA 1 ^ 1 C 6 j * 1 ^ 

jA .mi ^Loj^-S* ^A 1 i 

^»Jj ^S*A-tJJLujA_tAJL ^Lo ISblij 

—j Ja —S*aJ J^jjI —& 

(.OwuO C^M^jji j^jjA5jA— fc*< 

A.jAJ L> bjfi j ^A_m^aJ ^*Vaj 

CCuJD ^ (w^ J J ^ JJ^ 

|ja»Jb ^jJLmj^UAj Lj aJ 
Cwo5 i CJ—» IjjLol^-*— 1 aJ 
A__l b&J—<.C jL_S*0 A +1\a£ 
A__) C-wLifi ijljA_j l»Lul^«I)j jbjfii ^jlj^u aJ ^jljAJb .OlS*&jJAJ& jbj^j fcjbjfti 

A^bjjji) bjbjd^M ^L AjLoA_t ^jLcuLj ^ |»^p ^jjJLmj4*jAj b ^£A^>jb aJ ^jjA^j^mj ^^Oj^Aj ^jjijJ 
^JJLmjAjaJL ^Aj^jUaJ OlS*6i CXMjjji jJja5*I J ^>3jjAJ j bj& i j&jAj 6jIjA 5* ^ ((^jO (^JJJ 

*0 ^ _fi J^J)*JJ^ 

IJlJLuLaj LtjO ^cU-Ju *L^* 6j*LJllS*&.5 ^JJJJ (^ Y-0) fcjboj ^AJLjj 

jjA^o ( ^ * * ) (^A«^N-»Jj ^ A_^oA^* ^a5*Ijj <i >uiA»> ^ (^J bA_i A«_I ^jA ■>*' ^ * j»wO^_t IS* 

A_>»lS*6i_j <*U l—S* & i i L-tj A.S*A_t I JjjjJ ^»jA^* ^jg Jj|_^J ^ bj JaS*^J <*0wo£0 

.(6jlj^J — V^jwO^jlS* ^a5s-»Jj) jjbj^j ^‘Ujb Aj (j*5* V aJ 

























JLS4JU ddJp 




JjL dj 4-tfcjljb j i lj-L»jUb (^JJ^J Lijfti ^£<LL£> 

j 6L-tjO ^4-L-<^ !-L^-wL)jL& i^£jjbj 4-J 6j . 6j*L->j6j jjj IJjLLujj j 

Ml ^ bo ^ ) Cwji » li 

J LjjO ^iS^jb^L-S^ Ljjfti £ :(^jLj ^j_1jjjj) ^jLj ^fijluL-S jj4_ijj “I 

ijj lj*L_> *L_i ^ ISb-£J jLj j_» Co i ^J Lj (.Ae Ijjji) Lo J 6IjulS'Lj<>j 

<iJftj) Lake Breeze a_>bjo .jIS*<lj>Ljo j ^Ljjo JaSW 

i^£jjb ^ 4™>4Jb (Lj-» jJ^j Ijjh£^*-9 ^£4j>L)jO 

Ljj ^L_IwLjlS^bjfi^ ^ b-tj6 i ^—1 b—»j6 i * mi C I dj >bjfc ^ 

Iju^ bjfi i ^jL. 4_I ^oJ<L-S^ 1^L*.> 4i^L4-*o4—t C^ * 4 J 

. iU^jb jl^Ljftj j Lj 6i <iJ a5* 6 

ib-»j boj4_$* ^£jl^b^> »Aj4^>j4-k C li^b ^ 4J ^^^bj (^£j[^bj> — <«_.j 

.oLS*6i ib_)j ^jL_ijd i ^gU—^i ^J-Jjj co LS*d i ib_)j jb^MjiU ^1*1) ^jIjss o ISb 

(^jL-J ^jlj-Ju 4_I ^^-W»jljbj> 6 JLaaS J 4^>b>jO (^jb ^jl^lj ^Lo j*£ (^J^bj> 

.6l^*^f bjfi ^ 4^>b^6i ^ 4-»4Jb li b^6 i 

^S**U*Lj>jb ^CCs_>4j * * clJ ^jL-»j ^6jbo Lj 6 i .^ISwij jb Jj Ljfi i L^i 

b^6 i ^j jjJ-u. i 6^4jI^j b^S^ ^jlS^b.5^ C6^4-» ^^LZJb $ 

•ulji ib 

j^jL& cC^JL^ob jL> jb*^ <£*^Ljfii <^jb ^b 

.jijj jb ^b ^4JLujljb ^4 jIj^j>LL) 

^ V A 





JLSAjU ddJp 




l^ **^ \ ^mj \x Land Btggzg j^Rinj £&Xmui ~Y 

Sj Lm,. ^j !^ J A5 <^<L<«jlS* li^A-Cu ^5 C^jLjjfti 

A 1 CwjO jJ^jLmi a 5* <iJ*UC> j-wlo 4 j Cfi j Aj lj5s.JLo Aj djj I i C-wjOaJ L^Aj aJ 6 jAjCu&i 

>mi AjAJ b jLjO ^jb 



^ ^ < 1 ^V J <4 <>, a \ 

■ - >a\ ^j—> i^£j) * «i^jJ1j 
CC^JuO C—Mjjji L-Jjfii 
^Lo l S\ *h^ A_5 b_> A—iJ^j 
COljjOl-JjO j6j<»- J 

I—n’j^ <5^— 
^AJL-b 


. ( ^ V* C ^AAjj) . I^A^ ^^»w0 J3^ ^J_^jAj 


^jL bj A__fj^Jj^b ^£j-&A_f L-»j 6 i ^A j — 5 aJ 6 -3 ^A»L£ i 

ol55i <L) (^jj\jj Z —h j a*j) ^^jLjuL ^Jo^S* ^jLo j15 a 5 bjAJt aJ ^j^Ssl> 

^jA_*oJ^bb*^ * * ^A^*jJj b AjAjI^aJ ^A*-cu ^£33J ti*bjj ^£^A,& ^A-^aJ 

^j^j^a—*-*.)&^ lj—'15" ^a-jjJjaJ .<*!»> I^j jp5* b b^6 iJ 
.^j-*oja 5 cfJ^Jftiljb ^AjI jb j^-j jA»mjaJ 


AjJ^J> jj—> {jj^b ^AjLcU Aj fi^Ajbjl^Aji^^lj ^XJ3i^S '*L> l5 Arf-«J>J l J 

jb&jA^jIjA^ A-J obo jbjA^ojb bjjj aJ bjDi ^A«L£i Ub&jjAJfc .<jjAjA5u ^j-55 bj&i jb 
A_> L—i ^A * mV' J£_j 1 6^\^oA«5* L—»j 6 ^ A_l ^^Ja 5 ^A*-£i 

I j j jjAj ^*0 j a5" ^aJ«j « ^5 (5^5^ <S-J^ AJ^*u6i j 15 & jJa»& ^j ISblij ^AJLmj lj b 


















JLS4JU ddJp 




^£Ab ^£aSs-)j aJ <AjAJb jjj j*a b i^j b 3 L> j^- mj^ A^»jj IS* 

. IjJLtjUb 

A_>jb dLulS* cobojj byiJt, aJ L_> ^aj^ : Mountain Breeze Lu^Aiw-Y 

^^jIjjA—i .C^_1j 6 i jl^L_> ^JLo*G jljJu ^LSbJji j jlS*A-x>Jj Aj*jb aJ jlSb«w>Lc> 

A__> ciJ^—C<ob&i Ci»w^. O ^aJ aJ jjbj ^ ^j! ^ ^ J3 jjl^&^jAj bc> 

A_S* ) A,j>^b A_1 ^jb—^jb»4 —^ ^L-l j_^ ^j J J L ^JjJbAj C&^jA«LLwoO 

b^bjd^jj IjjlS^Jji aJ cb-^9 ^I^AJb Cjjbj^cw^J 4*jAJb ^jA^jjIS* I^b ^ 

(jlS*A_Ijji ^Sjd^> 6^gAj lS*b—> b aJ A^ i ijb-*j ^ ^ JJ^“* 

L_> ^4-jwiHi bo j A^” ^ aJ«j Ub <Aj . (^ i- 0 ^£tfLoj) A—» b-> AJLw ^Jjjb^^j A^ C Aj 6 i I i 



j jlS*A_jji Aj*jb aJ jt3 j j ^ibjj ^JJbAJwLiAj Aj15jAj C^LujAj ^Ab ^jj b jjj 


» b'^.bS* ^^o^jjjAj ^ bjjdS ^^-ubj ^jb^jj 

^ aj6jAj ^ajI jdjxZ^j Jji ^ajl^ ^L^SCj jjb : Valley Breeze ^4-ui -t 

^»jAS* ^-*1IS* A»*_> bc> Aj>^j b cib—»IS* <*L-*b&i_jj b^jjj aJ ^ AJL*I ^ C A_)AJb bb^> ^A»LCi aJ 

CjlS**L-Iji *lJ jJjJSji ^S*Aj6jbo Jj j ^Jjj ^^SbolS* aJ jJ£> (^^s+L+p ^-jjA^jAj ^J-^Aj JjjO 


















jLS4jU 





4*^4»jj}i ^£^4— b^bj^mUj jj—> 6^^—Oft i JJ^ 3 Ul-Jfi ^ ^3^ ^-1 lS* Uj> ^^-MJ^-I 4.^ |^£4«J |^j4^ ^j4«J 

. ( ^ 0 — 0 ^^JLjj) Jjj ^ ^&3*J3 4j <w O jjfi L> ^jpjd^a d*j C 6^4»o b i 

j b^> jj^ 6 jL-^ jljJo <*-J d3jS* ^4^ * Country Breeze JlJ^ -0 

jb ^4—L> ^&j*lJjjJj4u ( >-i ^ o ^ <il ^ *lJ .oli&ijjj IjujlJL-ijj jo^ ^jl5^iLujjj5^ 4*>jb 

l»\jLol^w> 4J l^4jb ^jU-uj^j ^bj> ^jIS^6»Li^ 5* ^j4^*4j (4^j^i 4»w»bo^4^) 

_^&^4 —> b ^b ^j L..< ciJ^L—iftil^b ^wLJ^S* J 4^4«j L 4^ <w*J_j4S*6 ^ 3jj£ ^4JLw ^ ^ C^ -j j^ 

I ^j ■ * ^£&^jb^o 4—1 3j^ |^£4J_mi . ( ^ *\ — 0^44jj) <*l4IS*6jJ4Jb ^jlS" 'bj Lm* 

JJ>J JjU-Jti .CwJfii ib-tj 1-^lS*fiJjj5* JjL*i jI 4 J Loj 4^ (^jlj^> cill^lS* CsUjdSb 5jb 5 

4—1 |julS*6jL£ ^Ij4—jb jb4—t ( j£>4 ta _t jLij ^6ibo ^jj^j^)\Ssl> ^Jj^Jiljj ^Jj2s4jwsJD i 




























JLS4JU ddJp 




jJj ^jj 4 jL^>4j jLj 0 L 0 j4j Ij5* j ji j5nJL»6^j!j-oL> ^j^loIj 

(L j ^jLli cfJftj ). i jj4j 

*The Local Winds jl£4J b 

J JJ^ (J%JJ->JIjJ> 6 J C 6 JJJ L^JJ^ 

j |»J^5* ^b C^a.1 Jji CLoO ^1^,1 I ^ 4-oboJj J ^Jjjb4-uj 

• LmJ U 

4_oLlo ^l->jL aj (I^Ljjjjj ^Sj3 ^b -3 <SJ3^ b) b ^b ♦ lib — ^ 

Lj>^ b ^j4-j -L> ^b ^ <*L»> IS* 6 »L_1 b^&j 15* aSs—<V,'^ ^ 

CjU_*J ^lij*Lo3 j ^jLt J ^jljj-J ^jJftij^S* ^lijj L&fijj*Ub COlS*6-Co jbjjj 

*JJJ c£^bo J OLmj&jIS* J 6j4jlS*&i 

j 6jj*Li* ^jL-iLj 4_I ^4—tb j<^-_j . 4_»4Jb j I jJj> ^jb 4jb 

L*-*-*-! 4»J ^ cA—.,^Lf^b *U |»Leu ^ jmmO J oJIS*6wU b ^A*Jb jA*& bLo 

(|»^-jf 41 ) bd4__> ^^Jb jA*£> ^ Jp*^fj-eu4j LoLwew^o uj jS >^o Jj^o jpu*/ ^ jI\j[j^> 

^ (Santa Ana) bL» Lol— c ^ Lj l^o j^o^o . 6^I b ^ I-u^S*^ 

.j^S*b ^lS**L>jb j6j4j OlS*6jJ*Lfc b jLojjiJlS* ^bbo <d ^^Jjj-^b 

CjlS^bo> Jj ^ j4jIj4j {j [£b 

j b j^LJCoD ijj^U ljul^L_> ^JL <L_>IIj4j C ljuliL_> ^ > CZJLZSb i ^j-> ^<ob dbJolS^ 

^lJ jliL_> ^jljjiLo ^L_» CjljLo ^-ijLoli j jja_Jb ^oL^Soo 

c (jlcP^ i4 ^ ) Lee sideCojajob 6 L5 $sl)Lo4i 






JLS4JU ddJp 




(jbjlS* ^i-jjiLili j Lo jd£ t^£dS L> ^6j4Jo iSj^ dSZ-fbS j bjdSZ-fbS 

.(W -o IjuIS'L> ^jLl. *d olS^6-LU 

^jjjZL> ^Lj^aj cJ (Fohri) ^b dJaj t^uajb ^jljl*> ^jb ^ji^ub 

6j-Jjj ^L> j <^j-£jj ^b^> ^^j^fiLjbjjj ^lJ (Chinook) dJjJLJii ^L> j <wJ^j ^L^> 

(jjbj-S' ^1ljl>jjLS'i:jli' tfub .jjJu 4J ^L> ^iSf^jjj JJIoaS J (Zonda) 

jj—> do ^ CjjlS^b^> i^£b^do\^J 

.6>X.yy^J V ^ ^J LS* ^ 



ttfjfij t£jjj 4J jjj: ^b^Jup 

V * 

(iJ^J ^d ^jUj ^d l-Uij_)6j 4JL<^> ^d 45* dubjdu 

dl_»jj) (Jj15jjj ^b jl><d <L>Jj C(CwLLob) CJuO jj jJjLL> dllJ ^ja5s-»jL5^ ^ ^jIS* 

!^1> b (^jftj ^jjj 















JLS4JU ddJp 




^jJjb Lf <l_» jSJj *lJ jb ^^ub iGeostrophic WindsJijJLujjL^ tfbfiJjjj -) 

*Jb IS* • <*1—bjJ>6i IS*6 jbj^^) LL-m.'*U ^Lu*ll 



J^Sbb aJu^j^Ju <b* CJo&i 

IjwJb ^cLJjb ^jjjJibj 
b*LJb OlSo ibj 

IjjL_ mj^u ^ ^ 1 j ^ f ^j * & 

j C_L>& i ibb>4 «,ujLfe 

<*-S*4->b ^41-^Ijb 

*L_» j I j bjjj Jj C*JjJ^S* b i 

^iSb_life _^jbb 


.(^ A - 0 ^ajZj) <i*bj ^5" dub ^jJjJu^S* 


C *LJ*LoS *b i IjJL-l jj ^b C(4*jjjjJb )6jl ^bJjbj^o ^^j\j (Jjj^j^> 

jL+Suj ,jL> .4-»6jbo4_> j jlj_> jbj6jJj ^jO ^JJJ <b JJJ^ L^^bb j4j 

4_b |>*V 4__> ClXu^jI>0 Sjjjj ^S*4_tfi^ bo l-L-tjj ^jJiLjj4_S*4-> j 4.14„ob* 6 i 

. !»Lcijj-»6^ ^3J33J ^-<-»<^> ^b b ^£^bjj> J£j A^b^S* 4j o.y j 1^ 

l-b*^5-jl—!>jlJ : Cyclostrophic Winds^^LJjb il—: -Y 

jl~ *m4j ^iL^>jbib J*L_^JJJ ^JLoA —S*) Ol&iOjJJ 

j J>^}-i (J-^jb ^ '!" ''■ ; <_s-°y 

^jlLk 6jJ-J> j»^b .JiLjjJp (^b^— 

lju«_Ij-ijjb" __lfe 1 bjbJ^jb jbtfb j I J_j j3 

C^6j4jJjI jJ4Jb ^ ** j sy 

(j L,iJu l^b ^^_^.fe dU^ ^^Sb^L^jUb (illjlS* 



























JLS4JU ddJp 




jljjjJ 

CoJ- £lj jb 

4_Sbub .(^-O^a Ijj) 

4- 1 C. IjiO ^IjiOj^-.> 

a f -- 

j I i4 j I jJj ^j a . iA 
ibjj <UjX>j3 j Jj3 

4_IjjJfc ij^S* 6jj«j> ^£jb>jji ^4jb>jb j4—I 6jj 4_S* ^ 4jjj 

^ obojjj IjlS'ajL aJ <.<LwJjJL^>b ^^Sbub tGradient Winds Lj ^ujIjJlI -T 

^JjJLf^-^ 4__> ^JJ\—44j^J> b-> J —^ ^ A—> ^C-J 6 J bo JJ^ j 6 J-Jj 

j ^ 44 }^—jjS* j ^j l^-b jll^rw* L& J b <Lu l^b . cm. 1 j> 6 ^ 

Cj4^6 jbo4-j> jbj-jj (^b-i 4-J j4-JfljIj& j4_j ^LJLocLj CC*J»L$bL> 6j&J-J&jb^J jljjjJ 

. lj-«-cuj-» 6 j ^>3jj j jj j I j 2 u^J 6 jljbj> j^j j I j 2 o 

cOIS'oJlJo ^jli* J-Jfijbib jl-L^jb 1-LoJj b (^JjO^J b (ibulS* 

jjji ^jJLJfi i 6j4_^b4j JL-t bjbjbS jbj^j j Ol5*6ijlS* (J-mJj-ijj^ ^yjb ^^JLwJjb jbo4J&4j*b* 
^jb»^lj J^»M|I ^jL^ftijlS^ jb-44l^*J 4-»-J *lj-b (^J-4-& ^«J C^»^J ^j 4 -*-> 4 -MJ^J 

4_I jLk <L_i ^luu_j-L) b I jft ij4j j jjjj . (V * - 0 bjdSjd^j j4j j6j^j 












JLSAjU ddJp 




Dj^CwwU ^*Ad b&p^-> I<• Ow> b b-Mj Aj A_w> IA—t L> 

. OjImLj^^ l—rw> ^aj"gL^Ssj Ah.*,^ Lfe cJ A*_)Ad-> pj l«w j p^*b ^upppP ^pj^ p> 

*L-5"b& Jjp IjAj Lmj jl& J^J ^1Jfi ijAj J-> (PjAjAjb I ^ ^Jb pO Aj b ^_)l jA5"^ 

(jubjpjjp ^jdpj J^ibjLidJ jlpjp ^jdp ^j—^ A5bj^> COljjfti bjbjbS j&jA—i ^-aA—5" A_) 
^jA-OAm-M,/ ^£6^A^_)J|^J 5 <Sj ^'k ^ * * <6 ^ Cjjb—MfA«J A ■«. ) A»J ^jjb 5 ^j6^jA*5" 

. 6jAOu& i (ii-jJj !-L»jj6 i Aj j LLmjAj AJdk j ^pOwAjAjb 

a 5"^P^ ^.cu ^JjA^pjl^ ^A^m. i Ijb JjAj ^J^AjaIIL (J (dL»Jj)jjO AjIS* 0 AiPjlj dtp 15" 

^jb->6^-0 JU ^An.^1 A»1 ^jA*_ 5"& i jli" ^jb-MjA^j A^o^J wL>6^b aJ p«pp (PP«& 6 ^ 

bj ^A^MjAb ^15" ^j-wJppp ^^Aj . jj^u ^£p-M,/A*jAbb jjj^i bjbjbS ^bj^J A*5"b 

<w*JjAj ^IjftijAj b A-wtlpJ ^fijAjp C ( Y ♦ - C ^AJuj) a5"&jAJuA-*j j&jAj Ol5"fii AdAjbpibftjp 
l5J™^ J (J-«-^j—» jj5" (^J-d-fc pj-p aJ O IpJJJ ^5b)A»Mjj Ub AJLmUjP ^jPL>a 5" ISbJpbAj Op 

^_»!pP AjQyijp pi/A-^oAj ^pbjj jJ . bjbJub jb aJ jljj jJ ^pJ& J JOujAjAjb A^olpJ ^Jpb 

^Ja«_$"aJ CiujO *>-5b^» m,jU ^ C O . * } ^ i Lj j juJpjjjS" ^J, ^ ~ puA*«^oAj ^ ibjj b&.pp 


C*-Jp& i 6 J—d aP A_)b IjAj OjA 5"!ji b ^jI p> < P>jjJibj jAd Aj ^*^Aj C bp ^pldfijpb 

A_I ip^jjA_5" jbOujA_» A_^-)lpJ ^J-pb j JOfijb aJ jI- 0P dp^ ^ 6 J 6 J 6 ^ P 

^p—cuA*jA»Jb ^ b^jbjbS ^bj^J a 5"<ub ^jb-Ib puA^oAj C^«Jpji^5" 

. 6^Aj^a 5"& i ^ L^A^j ^jb-ujA —) IdA>b»Jb ^ ^ui ^ ^ l^*^f jjAj 


^p ^pL^Aj Lr &jb Pj jbAib^p ^jjAu :The Jet Stream jb4SLi-d ^jj^J -t 

A_I cb ( p-S^ V^ljjA^ A_I jjjppjp aJ) ^b-^pjp ^ 

C(jJjpA^op^5" jljA^Jb JjA-j> AOjl5"6i ^A^_5"A.^pji ^ OdpJ>A__) OA*^A^Jbj^j jbjd^j 
j I ^ A^. »V» * 9 ^^OjjA_) >CwjO pA_*op»b" Y — ^ ObpA_^op^5" ^ A — < </ JjA^> ^£45 "A^o b 

A_1 b—) I ^ 1 Lw> (C -^b $ A_t Ijj6J ^ ^ 1 1J A_...: ^aPA^LjC 6jbA__)jb 




JLS4JU ddJp 




(The Code) ^a_f j±>j bad jjj-j Il^l> my\J£- jL*yj\£l^\ ♦ ♦ 

) Iw O IjS'L) ^£jbi J l J L>^JJJ * C * * 6 i 4^ I ^ 

.(Cirrus) ^>jjj 

^ Luji ^aj^wLJij ^jl^u ^jljL>aJ ^a^a^JjI^a5bjbs.3 

ja.>^oaj> j 6 jaj &^b->^i ^a.!L.*JL*^* aJ a5* ^^ 45 " ^L> ^jl^-^aJ 4 j|^ i^ Cw.o^ I 
a^jJjj .c* o ^ 6 jaL^oai" ^jl5"a,j>^b ^bjd^ ^jjja—I.*! ^a^Iuu a»_l a_$* ^b 

. 6 ^a»w-i 6 i^^aj ^* 0 cii-w»IS* a-J^LiC-u^ ad j I^adbjb-^ ^jjjy^j^^j 

^jI a*w^> ^b 45 " a^ 6 j*u <jX*J jI^a5\-w-<-3 ^j !^ 

iL-»j ba^^a.^ Id«wL>a^_) bj^^ubj^ oa5* ^£a*j>jb aJ 15" bj^j^ 0 aj> jbj^j 

<J* J^aljj-^aJ b^^Lmu j b ~ 4j a5" ^jbj^ ^ ^j! J 1^*j ^£jl5^Jjjb> ^45*a—» olSb> 
t^lfJS'y'W a_j 15 "d i a^S" ^jJbji L^oa5" ^_Ljb ^a*>jb aJ l«L»a5"&j6 j4j ^jjO au 
a * ■'^ * 1 ^ ^a_5" ^j|^^Sbua^-jb J^j ^ j^5"L> ^bj^j b^^^jbj^m> o 45 " aJ ^a^b 

j T * ^jl_j ^^_Ljb ^a^>jbaJ (j_J 15"/p5" Y C * )4 jI 5L> a5* ^»1 ^j Cwj 6 i4j Jj4j ^5"a^j| 

.°*\ ♦ ^L Jil* aJ (jL^yj^S/^ 0 ♦ ♦) 

: 4J (jj plujJ ( IjJl^ )jb^5^bd 

tSubtropical Jet Stream^^l^A^oi ^jb^Syid 4 ^ 5 i^ -I 

<iJ<L_)4j ^-0 L^a_j aJ . 6j YC ^^-tjt! j<l_«( a_Xjja5 "5 i j lj-^> ^Ijbjjj ^b aJ Cuj5bo 

^ cSiO l5jjj ^ JJJ : J ^ JjO Jjjj ^ JJJ^ 

£1 .(V - 0 ^a_uj) (^1^0jjL5"/p5"Y C *) ^a5 >uJj ajl5"fii ^a 5 ^ 4 ^j|l^l> ^1 jSbp .Cu-lSslj 
.&ja»Jujjl^5*o (J>—^) i^ajZSJh-j jbj^> jjZ\j ^aJLJjb aj IJjLl^j ^ jba5bb^ 










JLS4JU ddJp 




<S^33^^ 3^3^ &J • V 4 ^jb bjdtlUjdSbS J^m3l\j jbj^J I-LJm-WW>J L& 

.( to - V *) ^b <^4jjb jlI jIj <d olS^-Cu jbjli" ^4 jL>jL ^tjjbj ^j>j ijjL 

j> jjj ojLo aJ :The Polar Jet Stream^^ya^ igjb4&dd ^jj4j -u 

4_I 4—*.»ljbjjj ^S*4_tb C 4^jj4 *<» »o4j> I ^Os.*.<,<■.*.9 ^3^3 333^ < < £** > 3^^3 3^" 

•Sl*j &1J ^ J33 i 1 Jj^ ^l>> ^ i£s»j ‘SJJJ *J _)jji ^ dljlj 

C6^I^LvJ> jlS*6jj &j ^»w> ^ • (V 0 ^aJLjj) L J i^U 4j> 

^ I * & ^L-I lj*b—wwjLk {£33^ 3 t0 L-» ^ I * & *lJ l»L>b.»t*j £33^3 ^ 

.jLa$—j\£I G * * ^ 4 —Sv-jj 4_jlS*0 ^ 4 —S^UjJ (Y^ -o ^a_^j).4_jb OO^Lj 

!«LJLjLk £jj^3 4_I ^^Lw»l^L> jji 4_J 6 ^jL-)j IjjljL. mjj £jjbj 4 J ^45**Lw>! 

. l-Lib-t^j £33^3 bjji jiob^ ^ Lf*J^ £ 3 ^ 3 ^ cr^^bj lSj-^ 

^SsJj^ 4j>fi0»*.i £j^ **» *o4j> ^j I ^ aSn-mL^J ) 

^Zj^Jbj ijj bj4««j 4jlS*6ijlS* £^j^ o4—t C 6 j4«Li 6 ijS^I £33^3^ 

£**-£bjAjjjjbj[jjj5 j ^JjjJ ^^uLmjJjC b ljbu6j*Ll j (J^>)^*L*JL~.J 4 J ^*L>jb*Ll 

. ( to _ t *) j I jIj ^*l>j b^J o 15^6 i i Lj 





JLS4JU ddJp 




CojLiw jL> <lJ x Tropical Jet Stream^A^!^ -£ 

^ 0 ^jL-» ^ 1 ^ ft aj ^jl^2L>) (J^jL 

^4_>n>ii^J Lft6^j4«-ft i li ’^3^J ^ l-LLj^Lft 

(^L —'jbj j An.i>ii*C ^ ^l^»Jj-*o ^—) jd^ujdJ 6sj ^ 6 ^6 ^ cii-w w ^U ^£wLw-ft 

C^j^5*4j 4 j 6^ l^*^f I ^^Os-mL^ . (w< u ^4^L>j6 ^ 

mj^-I »4,ft J3^*^ ^S3^^ Sm *3 ^ ^—> C j*wO^_j IS*/|t—S' ^ A * <4__> 15*6 ^ ^£^S*<Uj I j+^ <S3^t3^ 

• ^ C4 '^ lSJL^^W J>>^ ^1 jL> ^jL j L 6 jj 6 j ^^JJJ 



f^.. k-'/JlVL^/f J J o_rr^wljjurj j t ^5^^Jj^*J 4 jjfl_LLi_i^n_ 1 » 1 j; J jJ^«_i_Lti.iJi i _ ?r aj5n r j' L ^jj^#iJ 1 j-^Tj ty* i -H-fi .!■ jet, ± jlj. 



















jLS<UU ddjp 






jJJJ (tite 4J 


















jJjJ (tite 4J 




♦ jjjj j*ULuj 

^jli* ^jl—> j—^ ^ l£j^* ^ &jb jj^* l £ j ^ j ^ (Evaporation)jj^. pJ*L&4j 

&j4_^jjj ljS*6 i 6j4—jfij ^jjj 4—!1 jb .C*wOjj4j jb ^oJ4Jb 4 j lj4Jb ciXljlS* cob ^-us) 

jib jlJjJ_^Sosjb j jj_^j J*Ji 6 j j •> 

j j jL^Lj6j dJfij oli&ijjj !jjlS*4_jb 6 j^jjj 4 J jjjj jtJ4jb4u .jobjjj 

(^lj 4—<j6jl —j >*^ 4 —_> ^^15*1 > 4 —_I UbpjjA ft j jlS*6jlj—-J*u j jl —jjj 

cjlS^ jjj J 6jb ^j>>j<o (Transpiration)ji^ 

— jjj— f |*J4-&4 j 4j 6j4j dS 4j jjij4Jb 4 j ^Lftjb^S* ^4*j .^^Lm j 4j 6 ^ ^Lj-tfij -5 

.(Evapotranspiration )j^ Jajb 

CvJufi: ^^.jI 4_> dbjjb j^oajb b (j^j£ <J^) \ <S^i 

jj*o4—& 4 J jjjj j^J4^^L) <• ^Lo jb ^j^fjS* 4 j (..Lwlijj-cu 4»l jjjj |*J4«&4 j ^»*V4j • ^J 4*kiL> 

jjj—> ^J4_&4u Cjj_j 1 <ii —£jj lj4»J& jjjUb j4—$*4 j ^jcL-^jb 4—> Obftijjj !j—w0j4^ ^S*4 i^lLj 

4 J Liw J ^j*uJ^ 3 4.S* jjj ^£6 j4j 4j ^j4.JLwQ 4»fe 1-LwIijj^.u 4 J ^£4^*4jbjjj 

•jV J^ 

j —> 6j4^_ij6j (^JJJ 4^_I 6jj ^6j4 * * 11 * 1*1 IjS* 4 J 4__)4»k ^£6jj4—^S*4 jS* jjj —> |+J4^_&4j 
4_£ < 4—t4Jb bjjd£ ^S*4_tfijj 4 _i ^^Lyu-i ijJLj jjjj pj4Jb4j . 6j fijIjLb (^£&JJJ ^4^jj 4j Ij4J&45j4j 

1 * * ^44—) m» 1 j^J jL> |»lj_^ cfJ4 —) ^jjjj |t-^4^4j CCu^5^6 i <£j^J 6j4*jj6j (^JJJ 4 J 

^jjjdS 4—^ib 6 j-»j 4^^ Mid ^ 6 j4^_ij6j 4—1 ^4*jfijj j4*j jb ^-o.J 4^ . 4«t4»k ^JJ 4J ^jjJb" 

jbj4—) 4—i Mjfijj4Jb jl—bb C^jLi' (^J^- 1 J^ 6j4-» ^£jb 4 J IjlJIjjS' 4J 

^jL. jljj-f j cJlijj csP 1 -^" ^ o^i-iO “V s jj j^b (^Ijjy) 




jJjJ (tite 4J 




fijj 4 J 4-t4Jb ^6jj4,b '^S\j^ ^b j»4»j COb&ijjj ^jb fij4«wtjlb 

.6^1 ^6^ bob 4 J 4 b <£^ J 

j jlj^Lj ^b3ijb - jjj_> pj4_a>4»i C*L_J*L& jij-b Jfijb “ jjjj jJ> jji 

- JJ^-> j*J4*&4j 

:Actual Evapotranspiration -jjjJfdteAJ 

_ JJJ— f |tJ4^4j ^jbj-b ^J-&iL_» (^X3) ^jb^b 4 j 6j>> C*^04j ^Jj b 

^^blbb^ ^£jb^b ^jjJ jt-bjb4j jb j <iJl> 4j Cm^j C6j4Jo^ b 3 6 jb 

^g-*uj£jbj > 4_1 l»Lww ^4_b ^^Sbbl>4j j^J^—&4j 4_I d' jJb-»^j II-Lwl ' 

. I jJbb4_> 

:Potantial Evapotranspiration ^4 j1^u ^ji ~Ji^ (U4A4J 

^Lbjj-b) jJfijjj <L>jlj-^Jjb ijj\ j<L-j *L_i ^Jjjj 4 J 6jLj ^1 i U-JJ ^ 

pJ^LJbiU . ^wJb^..) L—> ^*o4-_b C^ / i ^a CwJ•jb ^b**/L> 4j 4 b (JJ^^b 

ltAJ^O <_#&e-JajjL> j-£ ‘‘-I ' , J^y^ > ojy. («jljU) ^<01^ 

^bl>j jlb4«tjb 6 jJjjjj 4 J jlj4j jjj ^J4J&4 j 4j 4jb*b4-t &jIjL*i jjj |*j4Jb4j . l-L-»bwb 
cObbfii j»*L_b jlj^* c^JJ"! Olbfi i ftj^JjjJ (ii-bj 4 j <iJl> 4 b (illjlb . bjljCL£ 

^L&4_t *L_tJj clj^Jijjb jbo4_k j_Jj 4 J 6j4jJJ_Joi5 i (iJftj fcjljlbu ^JjjJ pj4Jfc4j ^*^4u 

. C*Jj4jLJLj 6jljU ^JjjJ |tJ4Jb4j ^L&4 j 4 J j|j 4J ^jjjj pj4Jb4j 

La 1 jjIl^->6 ^ 6j4_<,.<„l ^ IjJlS'4_1 tfU4Jb ^ 4*Onl jljLi |t>i4Jb4j 

j—1 C^j^jjIj ^JjLj ^Jj-) j£ ^jbji Ufijj4-& .CJpljj Jb^LiS" Jj jl^5" tr^b ^jb 

.jjLb'4^oijb4-»Ii4b ji^j4j ^ l^4j l^jb ^jj Ufe^j4b4-» ^b 




jJjJ (tite 4J 




jb ^jjjj^UiJ Ob&ijjj IjjLS^bjftj ^jb *»J jj^j l£^JJJ 

( t* * — C ) <j!jj * > dj *ub JLmj jj4-> ^1 

b** lJ >Cmjo |^»-bo (V — £-) ^ b*Lb 

j J*_>L> i^£jjbj ^&jL-o 4_I j J-JfcjLwoLo ^4»Ll-Lww—» 4-J L-o4j Lbjj^j |jjlS*bj&j ^Ijbjjj 

. Coj-wsbo tfL^ 6 ^ |fbo — £-) ^L-»I,ASs.J jjj C lw\jb-44i^ 

l-Ll <LwO L Lo ^LS'l ^\m*J . ^jb^^J J b JTULmJjJJC b 

^** -- ^ ^jb j).^—<7'gL> • ^L—* b \£ 4—*L->j b ^6 jh^—> j I^j> 4_1 4b* 4.1 Cjlb*0 

I j—Sb—» CC^lb^&i ^4^ 0 b" b 4j> jbjA*J b^A*J 15*^—»4^J^^ 4^>_jb b jJJj^J 

. C*- 1 jb *b ~ jboJj ljjlb*4bb*^9 4b*4«l4«w.w4j ^jj ^ wbQ4j> 4^>^jb4j 

♦ ♦ y ^ 

b 4j> jbj^J jJJj^J j6 ^ <«_J ^ ^ ^£«W» ^ ^ 4J& 4j l ^>>^J 

b*6^jL.^ bjjb^ 6L-»^ b»7> *tlb*4,^o^4b* bjjbj *lJ cc->b^6i ^»4b* 

♦ ^ru-j ^j 4b* 4 »j 4,& j , *b4,&4j ^4»Mj4b b_lb*4b* ^j4»& ji^^l-b*4*j4j 

jjjL_^ j4b*4b obbjjj jjjj • Ojl* (*^‘^ > ‘S' ^ J>iy. ~ ^ 

j ^—{jb $b ^jb^6jij^b* cUjb ^3 b 

^»J 6jjbj b ^lwL«-cu (^1. b^ b.*^5bw> 

C I^Lji ^6jb ^ p«J4^4j *CLm j I j ^jJub jj^j (b^J-5 — ^ 

l^£bjjdS \jjd£sJj[£ iS^JJ C bjjdS t^^dubjj ^L*mUj^J 
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^ .oLS^fii iLtj JJJi j (JL?0 l£JJJ <^°j^ l£^ 

. jj^j |<*J4Jb4j ^1 ^Ssdj Jj&j^jjji ^Jj^iCwu^j ^^4 -mj ^*dj 

J OXH LJ-*^ ^ JJJ ~ ^ 

. lwL-£n£j6j I ^j6j—>j mi ^JjtjJiL—ij <d>Lb*6i jt^jij-b (^6 jL— t 

J C*ww>*LJ> j_Lo j-jjjj Ij4_d C jj—* tii—<I /jj *b&jb (^6 jL>j^-mj ^Luujjjb $ ^lj4Jb jjJLkj*b4 j 

OLbfti i L_»j jjj_» ^.Jajb^L) ^ I Ij^dj *Ujj C&jfcjljJLd ^ I j<Ub aj *U4Jb jb ^oJjJb 4j ^lm.ijlj 

• Ij 4 ^ c^--jj 


L Ufc6jj4Jb _ £r 


Cjjijb (^6 jL-» j ^jj^— > |*d ^—^ ^£j^b*Jjb b 

bL»6j-Jjj <d .olbo iLj jjjj ^1^SvJj L ^1 ljl> ^jj-oLj 

^J*LJfc4j ^jlij—$* . b^Lb^Jjjj jl_>jiL-o dbjj J bjdSZSZm ,ofii *d jb 

<SJJJ L^JJ 6 ^ l£ (db^*UwJ u Lyg Jj4_> ^jLu b) dij4j bjdJuj\j£b$ jb jj^j 

• C->Lb&i |»4»b |tJ^—^!j.b*^JJ ^JJ^-Obj i L^jbj 

L ^ >Il^l> -i^b dbjb 6j iC-wLLm.0j6 ^ jjjj |«J4Jb£L) CbjAjijlJ jb ^oJ<Ub4j *LLc> j4j dbjb 


6j CCwd u 6j6 ^ jjjJ |*J^4 j 

^S^uljjjb I^ljlj jdo J j jljdd jl j<L& *d 




jj^j ^JiL^a.1 ^jjjjibj . jjjj pJaj^a.1 ^jj-obj i<b bjdSZ^bS ^lS>d> dldjj jjj 

jjj_» ^J<Ljb4j bl-> ^jj—i id cjljJLd ^1jj> Jj cdwiMj^udi L ^jlCduj 

^kj \^SbsJ i |»lj6 

^ (^jj^j)^L ^5^4_)Jj6j-> 4-> IjjlS^^Ujb 6j^jjj ^b Jj->*Lb ^jI d.^JJb4Jwu6i L 

^pg^4—» ITaJj^j d!I) (^^jb 

—oaj C liljiLJbib (jt—L« * , * 0 iLb bbjjJ>!_) ^jj-bi) <iJjjJ>!—> ^jLj *£ J^-^J 

> ^Jj i—» 4 _^jj^— i «bb^_> C(jj^_j pJ^L-^^Li ^ I j-bbd j jj i bj ^^^4JLu4-» 
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j jlSbJjja—J ^Jj I5"a—t .jLS"Lj{o ^jbC ^jj—* ^Ja—a_J 6j-cl[>!> 

. l-bj> fi^jb aJ dbj l^aJj^aCi^a^Mja.! |^.Jajb4j l-Lta^a^j^aj 

jlS*a^C^> coLS"d i j»^i" jjj_> pja_ka»i ^Dj_jj bjbaJ 6jlj_J ^jjJ> ^ jj-oLjj -0 

. IwLoj^j j*Ja,&aj ija*ja-I ^jL-m > L bL j ^ ^jb i^aS* ^£a-I^^ |»&«5jajaJ (j^-Mja^^aj 

^Ja^baj ^j lS*a,*o^p 6 jruL w j-C aj C*mjO cfJVL> J)jijJ |*J4-&4 j ^£jb — A 

jjj—» ^JcLJb£Li ^1j^Ju ^£&j^J^Jjj4j . Ija_& b^M. ' 4-j ^Ljja_)b jjl—»j a_j CCjS i ibj jj^j 

DJ^ULmMIj^jC a^J ^ L^> jJ-J» b^kmlmJj&£ [j b^ U ^^LwWWMj^j 

. jlSb-ojj 

C*»?» > 4^ ^6jb ^£jb/ jaww>aJ a«ja»& ^j^sjj\^ cfJ&jijj ^ajl^^-wj — V 

j OjLoj ja_MjaJ U&fijj^LJb cC.JwL-M .i gLia i a* S^Sbjjj ^Lu^jjjjb 5 ^1jajb j dJl> *U 

UT^ 6jj4_S" l £<L-LJj^j jVai* ^jboj ^jjj cdojjj ^ai* ^pjbaj 

cfJfijjj a_$* ^a-Jbl5sjj j<lJ 6j .(iJjjj^-j Ja—^aJ ijjljauau joado 6jjJ ^jb aj jjj 

aj ^ja->a5*gu>jjj.,.^w-^ ajL^SsCj CwLl^^Sb 1-ba^aS-jijjL JaS*aJ oja-Cj aj CJJIl^jaJ 

. bjdS^S j-»aJ ^jb CJj-oaJ Lja5*aJ cdjVa^j ia«3 j <*Sbj <^jjj 

^jl-LLcufti aJ ^fijaJo^S* j*a^ Jj a-w»aJuj6i & jJJL jb <iJjja>u jLulS^a^ cfJfijjj cbjJajb 
^jgLa^_Mj cfJfijjj ^j-C ^..^SvJ-LjgLk *0^^ <3 6 jb ‘‘b ^l^.jj jb ^fijaJo^ j*a^ ^a5vJj aj jb 
aJ j^a^Cj Jj ^a-^aJ ^CJLmjO jb ^jaJ* ai" ^jLS" guajb jbSfacf ^libJLJ^S" L ^CCw>b 
Ojai'a—Jb LjLjlSbjb t^Sbj jb jLuLS^aS^ aj jb ciJftjjj J^Jjajb cljjbLu jb 
a_»ajb -3 ^ bajLwM . 1 ^»a*ji ajb c a —> ^j $^tj $ aJ a^^j^ ^ ^ <5 

. Ij^ b jjj aj j b ^^SsjgL mjj l& aj I5jjj L j jij b ^ I ja-MjgU i j LCj aj 
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^ ^a_9 ^ "ft j ^a*_$b>j 4_1 a_$* <jJL^ a__i Lx.*.*^ 1 ^} ^ s^-w^ 1 iijJ” ^3ij b Ij^yj 

aJ*lJ ^a^>^b aj 6b^ jijJ*aJ&^b b^l«Lwj ^S*lJ ^£a^>jb aj ca »>\j *)! aj* jj &^a*J^S* 
^j^L-Ss-tjlS" dJfij jij-S" Jfijb ^^-MJ^-I 6^j6^ ^Jy»W^ J j6^ ^jm +S+1 f^b^+mUj b^ . IS^ 


•JJj* 


<?• 


ajbaj 




: jjjj fdteAl i>S4j)|^ 


6j4_^oL^4j i^jjjj aj \j*$jdS ^jJijb* 15* dS ji**u j aj jjjJ ^Jajbaj ^^JO^aJ I jJj 

J_> a »ajb <ii-JJJo b j b£jj Jj*Lj> • 6ja > ^Ji 5£ a*J IjJj ^Ji bS*l^Jj lj b> ^JJbiU fcj Ij b> 

♦ jajblSLjj |»4 j jjjajljaJ CjjjJ ^Jajbaj ^^JiJj^boaJj jiijSbjl jJj 


6jaiXuV aj j 6jl^aJuaJu ^a^J^ajjjj : Piche Evaporimeter^iu £>i«lj 

a_S" a^jJj j Lj Lj a_S" *u IjJJ ^j>Jajbj b a^ dJa*ja^>j b 6 ja > Jj ^ a aj c 6 j II i 

^jj-i ‘ L -^r^ji <Sy. p ****-> j 

i^j^wob —> Ja^aJ Coj—*.'IjdjJajb IjjJ*** *fli*i*i.Mi ^ ^ 6>j^oL .> ^»a_> . a_$^a« j^Jj ^£jb —> 

^6j*LjjajaJ c &jaJ^Mjfi iaj oba i <ibjj ^^SbjoL^aJ *lJj c^*ojaS* ^ab ^i^SbjI^Jj 

.CJjaJ^bj4j ^bfiJj^j j jJ> ^au-ibau ^bjb$ ^>j^jjb 


jC*JJo*-^Yo ^aibj. ai^Jyo :Class -A-Pan ^4&4 j (j^J^ ~Y 

a_SJ^b ^ t*sf^ q IjJ-S' I j ^a *ajb ^ J ^ ^ ** - ■ I j lj_>^b a_l^ ^ Y C ^£a__S*a_)j^a«j 

^I^JJ ^-j OJjJJjbfiijlS*a^_t |tJajba*j aj|j^5^ ^a^j cbaJ*6j^a^aJ 

■('"^ J^J) 0 l 5 "a^JlS"j j . b b' auj 6 j j jb j jl-Jau aj jj^j ^Jajbaj 

ai' IjJ'U- aJ jj^. pltajbaj Jj CJjJlfcojlS'aj :Lysimeterj^U4JjjV _ Y 

IwL^d^a^o a^_I ^a_^ajjjru . a*j IS^a«b a^J^j ^^Luj^u^q Jj 
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i * > ^5 jj& j b*L_9 ^Js..<Jj J I i> * 1 j I J—j& j ^L-l Lw—<ibJL> J—>4jbl^L& <^—j *■ o ■** 1 
^Ij^wO b«? D j Ilj— ) I» ciiojjJ>4—i C I i4^ A Qj It i ^ ^j4 < .'^U V - 1 ,5" 6 ^ j ^ Lj tu J ^ j4«o I» 

JJIjJ j4»J jj ^J-woL» j4 - Mj4»j (w<W» ) ( 4»^J*JJJ wLw^j) 4^* 6 j 4*rf_<«£jj *^f 

4^4jjjj j*j4_&4j ) juluj ji*6 jj 4—& C I .545*^ 3j It . ,i ^CL^$*J CJ lib j LoJj j4-o Ilj-w> 

. 4ol.5jljS* ^^4-)6 jLojJ 

^j_» 4_jJj cliJ^jb jjj 4j jjj—> |tJ4Jb4j ^4 jIj1j jL jjJ L £»L^4 j<U “ £ 

4_$* jl5*4_ojl5 *j\j 4_*oJj6jo4o LwJ&j 15*4«o 4«o Co j£ b 5 ^ww-CCL) jJj^)bo4^ 4 j jjjj |*J4jk4»i 

jj-^ *7* 1 * ■> ciJfij 4«j4^ ^j4^4j j boj4^*jj IS* 45* ^£4 oIj45*6j j4o ^o6 ,5 jjjJ jtJ^&4j 

(_**— 1 - jLjJ J^-4jj 



fl ]hJTK ^I- -■■ ■ JJT^ 

r/iv^tj Ji-GrKirr- f.P3“ ? 


J 4 - 1 JJJ • J4—* J U^J— 46 J 

*L_S* jj*L_S*6i jU>j4u 4j Lc<—*5j Lfc 

[t 1^ i ^jboj4__k &j4_t4^oj4j 

iJjj—; ^ j jb * 1 — 2 Jj>^ 

i&6jj4 & .CJ—JjS*6.5 ^j4_^IjCj 

jl_ j ^5>o 4 MjLft ^4 *V» 7S*jLfc 

.^o45bi jjjj ^4^4.) ^jboj^Lfc 

: Hydrological cycle 


^j&j j4 <<i4j bl ■ -* jj *l*o jl^4 ■>*' jIm-j jv* * &6 .5 ^£jlS*4_o Jj »o>* i 4_S* ^&jbo j4^_) 
1 JlJI^> 4-0 jLo <»CUjjj5*b jjj jCujjjl JC-yufi ,5 j4j 4J (^jb .6jlj-Cu j 6j4o6jljjji 

^ijj— Ml <^ 6 JJJ J j4 >4i-»Lb* j Jjj_>3j CU-J jj5*6 i j-CJ ^SOjU J— I 6j4_5sjjb 4jj CU-lij>6i 
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4—1 4—*b ^£6^j4— <yu 4.1 (<—>lS*b |»^^) 6^5 ^mJjj Lc b j»*^4j b $jb 

• ^JLmi ^bJo ^£4»S*&^bo 4*5* IcSbJj^* 


jlS**L-tjb 6j4—tjjj J ^bb-.Cj ^l! OlSb JCj CXmjO jjjJ ^jb j£ 4o ^jb 

^jIS* 4»J ^ !^4 ta k4«£ , j4o Jjj >j\^£ b 5 ^jb ^jCoj b ^£5^ wl' ^j (*b^bjj^ ^jj-&4o b 

.CCCjo CXujjji jj 4-^ bftj4jjjj^> ^bjjj 

^ ^jbS*bj6^ ^4 —mj 4*J jJ4 —) ^ jljL <m>*^ J b ^ ^ jL^U bj L 

^£6^4—0 ^jfi ^-* oJ^*- 411 & CJ 4^fe ^ ^jlS*4»Jjji . (^jIS* bjb ^mt Mm ^) lS*4*jj4*S* ^4 *«mj4»J ^6j4*j 

j ^. 1 LS*bj&^ yS'J 1 ‘' bj .jbS*bj&j > 6^4—)>j^»Sb>5 i ^ 6^4»»o[^ imi^ 4«1 ^ b 

(l£-9^ \jb^b wL«-Jj) ^jlS "' jJ (^_jb ^Jb^mUJ 4*J b 

.olSbi c^b 

4-1 (J ( %^*\) CCj/s: j_> 4-1 jLD L> ^j 4—ojli* (> , £ X ^ ♦ ) ^4_Sbp 

4oLclS*6j) * *.> | 4o bjd^tMs o4j> 4»o>jb^b ^Jj^fe4 <■>< ^6j)^ C ^4 m* 4J ^ (/o ^ ? V C ) C 4^_J Jj lS*bj6j 
4—iblj4Jb4Sj4o j jlS*4^>bjfii jjl —>jjj jb*L_I 6jbo4—S* ^6j4—j C *L-»j6j ^Jj (^jb ^ (% ^ , V) 
&j4—$*4o4o l«Lji5 \—Cj j L*j 6 i j IJ y< 4—1 jl—D ^4—1jJ> jl—j ^*aJ4—& Cjl—J ^o.JtfLJb jC—C4J 


^Sbl— C 4 j Ij4 &45j4»i cob6 i jjj I-L-£m£j6j j ^I5b-^j j L-»j 6 i jIj-^j ^lJ ji—J j—> 

^S^4«)4jj^j> 4—1 ^ 6^4—»^b 4 J Co ^b 4 J L^-?b ^ J 1 -^^ (^jb^bw 


4—1 C6j4—eCCob blj4—ft 4—1 ^jLoj cbjjj Cj4j>- 4 J jb ^lS^6ij45^ ^£4—1 j j4j C4ub |»lj6ij4o 
4_S^ C>wLX— m.i4o 6 ^ 6j4 —> CXC —1 jjHj4^o4j 4^ OI Jojj ^5b»4—jjUb 4C^wOjCo fijfi j b ^4ll^> J4jl—o 
4—1 ) 6^4—4^o 4 * »*» ijo ovO>^ Cuci i4»l 4»^4o 4o b^^j^bj ^ ^^^b ^4^j 
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ji^-p 


X 0 


Lu SLj 4 V >.> tjCo IjOlfl *> aj jjj_> ^J^LJbiU (jlj-Sblo C IjOljb jC—c 

> * y- oug 


jlj_S* il-Jj ^JjLj ^ fij*CCC&i JJJJ jboJj (V “"N) ^J^CLjjid jL ^Jj^Uo ^ 

^ /oAC^<A—$v-tjj .JL*o / j*—S' 1AA * * * Sbjj ojj—> j~^ J*$-i*j j~~i 

y v r 

♦ ♦ ♦ ) % ^ 0 6jLo 4_S" ^6j4_j C^ofc i pj<LJbJU IjLolS'bjfiJ 4_1 ( pi' £ ^ V 4 * ) 

V^<lJ c ^ jl^b cJ^. ^£3^3 3^ ^3 aS b $ jj jLoJUb • lOol^-Cj 

r 

4-J ^6 j4-J 6 JCoJiS' ^SLt jJ (j^4-^4o) OojLfc i jlS'bj&j j4-»o<d ( piY* AV***)jIjL^% 

r v 

loolS^ mij .miaJ ( p—S' ^ 4 ^ 4 * *) XY > 6^L*o (O—os ^ pJ^Lo&tfU lwL_» li'bp^ 

J jjj—> ^j—> jlj-^J ^jljL-t> . (jj_> p-L—&4o *lJ 6^j6 33 ^ (j^*L*o*U) Ojjbfti 

j sj^Oo^S' 6 ^ jji *. ob'a jLjj <£333 ^ c c c j jj^j ^ jb'bjaj ( p$TV *) jb 

coCCo jIjcljj ^jjLc l^ 3 ~^" ^^£^-^ 3 ^ j jbi*bj&j j—i bjdS.jjd£b i ^ISbcj ^jjb 

J l ^,4^j\j> ^jjj jj aj^jj3ai u^Ljti <Jjjj ^ 

. I-Ltjb 

: Water Balance 

^jLJ ^j_i ^6jL>j6i ^jLulj 4_S" bfijaJ ^jjLj l ^ 3 -> 6jIjL-*J> MjjUb 

i ^ ^—> \^*j l Ub. ir& ^ i5^6^ 1^ bj> irj^j Cw .0 

dJfij Co jJZjbb ijiS^iL-i J>\ j—1j j_i COLS' j ^j-Cu CojCObft ijlS'^U jl jLj> 

^jLc ^j-J^Lo4^ j_^ cJL> id cJ^u^jL jL < ^JLS'jOLS' ^jL ^^SL^ojUb ^jL' 

L&fijj^Ub . Ljb ^Ll^o^S* ^jidL>iLt ^jJijb Jo O^o^Ij ^Jjb j JL^j- V . C b' Jj Cwoju 
Lo ^ J_o Q-»jrb'p ^6^»d ^ *^j ‘ - 1 jlS'dji^^S' Jj Coj-Cw^i ij Id(^J^b 


u* 
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Ljli aj JjLJ jL^jjj ^-^jjj ^JJ-^ cr-°^ 

• C^j-wJ&bjlSbj I Jjjjj pJajbau j jljb < ^b*a_ w >ajl$bbo 

j—> C**m-Jj^L) JjU I'J,j—> ^ws—ilj j—> iZt-jjSb 5jb ^jb ^SbiLMjjUb IkDjjajSi 

^ ^lJ jjJ C LmJ ^ bo lS^ Lw-kj lS^ 

.juJfc j jlS^U-tjb 6jljj4j 

coJjl- wjcUfii ojj—* a_& aj j jljL a_i c,::^> b ^^^jb jJwiiaj b ^Sba^jL& 

C^-4ijji ^jlS*&jbjj J Jji J jb J^LLjjj JJJJ P<U*<L> ^JjJ J C^ ^jbj ^jbb ^ dlplS' 
j4_j ^Jjjbj^Jj tC*-Ju>0 Oja,$*a_£ib l-L-tjftj ^^^ba-J j Ob^fii 6ji ^SbjJJajb ^Jjj^o^j CC*1j&,S 

.CwLl^j ^jb"^U C-wuIjjO Jjj-o a^* 4ubj b 


aj ^jb— > i^Tj bo j £L_& J£_i 6^16^6jl* i Jub j_»a^ ^»a > 

«uu j I -bb—w>^M/^ajb 


P = E +G +R 


ai" ^_j ^ (E) l»u j 5« |^J ajb aj (P) ^jbb ai" ^b j4j Jj a_»6jbo b ai "^IZS 

.C*laO ibj (R^^JJJ (^^JJ Ji jb (6) jb"a_(jb 
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(jZAj 



nr 

















(jZAj 


*4^2 bAuLuJ 

clja_&abjiU jb ^jb ^ J 4*2^ (Atmospheric Humidity) L? lb 

id bljajb ^ jb ^^oJajfc ^ jjj ^\Ssl> .CojJCboab-6i l^J 6 J l£J^ b * > * * ^ ^abojj *U ab 

cP*^ aj ^ I \jS't b <.Cww»D ^ (/o 1 Jjj jjCj) J Il^W* id ^ S J \^ Lw> jj ^wwj jjJ O_2~C 

^jb^S* jjijiUfc ^abd j id cdjabai Cwj 6i (^jb ^-<diL& Ijajb . blja-& aj |+b^ * *jajb ad jb 
& Jj-J bj aJjJk ^im.i iLb ^jljMj.b) b l^a«&a») (pd^Jfe J£j 6^6^jb ad d^j^b) dJL^ 1 | *dajka«) 

a_I jljJ—b) bJ^j-b ^a5bij ‘d Cabo Cwjd: ad jb ^^<dajb ^ljaj& c(jb 

^jU ^^-oJiLJfc J^jCajb C(Jj^biUx4i j_t fijfijb ^^JiUb id jljj^) dbCu J (jb Jj 6j6jb ^oJajb 

*b-9^ CCjbiU b j-34j ^ dU^ 1 b^^d 

<Jj-! s J^-5 J-! ^jLi j O^j" ^ c#^** 

♦ IcCj^Jd^ ^iulIjbjb ^»ad ^b ^djjj jb ^a*jad oa*j 

Ca^_tbab*Jjb iL—> ^ aV'^JiS^ 6jbj-b* iL-1 ) ^b-t-jabb Jjj 6^ab»«oadl^ad 
j jljb j jtdjj j j-^J j*aj J |CjiLb cfJftj ajba«t Ojbi ^^CL^bjd ^LoCo jb ^uda-k 

.jjajb j fijjCJj jJiU 

lj J ut —.- ' j tj*jjjjj—> ^j-jlijj Ji L-S - a—t sjj ^jj-uj-jO (jlj_jy) ^jlij—S’ - V 

■jMM'Jjij ^ .V—’.'jT ljb&_^a_& j jj— 1 a5Li/ L ^ i -> l > j^ja— 

^Ua’ iL>0 iU id j4_& cclb^c aj ajb"ab^L> j aJ jb ^lajb -f 

IS^a.b^fija^cu 6jb^ ad ja^^aJ a^ajb (^^j^ab ^S^a^jjabojb 

b JJ- 1 ^) jjj ^6ijbi 

m 







(jZAj 


\Jt \jJo Ija_& JL-f 6jU L ^3<Ljb ^olj jjj-jjlz jajj :Saturation 

^jb .^^oj^S" ^^-b J ^jboJJfc oI^-JLI ^jlSjjjb ^jb Co 

L 5 ^^SnJ*L-& ^Ljljj I t fijl jL*> *LwO j*lS" *lL ^IjJU I jj-^Ij Jj Cw<->j 1 j 

^jj jj-oLjj *L_> OLS"fti ibj ^jb ^<jJ<L& 


j 



/ 

Jr 


/ 


insvip 

> 



__ ^ 



i c 


-30 -?0 -10 


IG ?rj liij jo 


j l t i i l<i—1 


-j—i- i F 



*- v V ^ 

■c-Vfi tjj>: I fW:" >-hJ u «jAj-^AXi ++.i>j J : 


^Llj-i C^£4S"^»w0^4S" 

ijL-Mj 4_1 ^jb ^SbljJfc 

dbb"4_ > 4_i .(^~V ijbjlJi) b jjbj 

^-Ub *L_jlS"a 3 6j&jlj—> ^*^>bl^jj |»*lJ 

; jb <U JjjJjZ? 

Ij4_& Jj jb ^j^jibj _ ^ 

tjljb jb ^jb jf 


a.*-* Cc-^b&i_2j l-LiIS"^»*— )bj^o^^ ^>_jb bj& i dj oJ*j 

ba_jb olS"o ibj Ij^jb Jj jb b jj<& bjjj <J jjjj ^IlajbJu ^jb £ 

•cJL^jp eSjb 

O cC^-jjbfti 4_S" ^*L-tljJJ& jcL-j ^L,£ i ^jjJiL-»j jljb 

j_> 3 j j j jj4-Jb b^-Jjjj^lJ &jL-f j<*_j 4_I (CJo j j C*1j j^Sbj ^j^Lo b 

• Coj5bw» 

6j .JJJ—>^J jljb> (^ilb J jl-LLli ^IjiUb ibcUjJ ^)jjJ JaSnJLj — V 

^Ij^L-k^S" ^bj^j ^jJb^LJwuDi J CJjO ijl—wj bj^jjjj j^J^LJb<0 ^sL-Svjj aj jljL 

^IjJJb 4 j Ja5s1j j^Jb j^j dtp IS" .OlSb ibj ^Jbjjj J C^Ij ^j^jL^i C^*2ujjj6 3 

.jjiLfc ^LjL^Ss^j j jjjj^Ij ^bjj ^JjJbtCZ^ ^U4jIj£l 1 Ckljfti C^J jjj6 3 














(jZAj 


^£6^4—t ^4_)4J L> C4-t&^l^4Jb ^*0^4^* ^£4d> >j4di 4 J ♦ Cooling ^ 

^db ^6j4_jjjj j»J_!t 4 >j£j CC*-J^S*fi i J>4j jLj ^-<j4»Jb d JLa^S ijd ^1j*Lfc 45* 

^po4»>4 _m,ij jj |»<Lj .^jji^_j»j^sJ ^4d» 4^15*0 b4«& ^45*4»wy ^ ^j_j^j,ibj ^j^^wu4j l^j4Jk ^mAj^S 
j4_M,d L> ^jlSd-t 4—oL oJj 4_1 I »& j ijij4^>,<'i Ij4«jb 15*4.1 

^4 I 1 jjjL&j^d4j 1 ^4 1 1 4_*i5&,i ^ Ub 5 l >ui o4*j ^ ^jl5*l * > ^4_^j^J 

^4—b 4_)L5 \j Ij4-Jb 4_S* OI »& ^33 J d—».* 15* . jj^j^j ^£4«b JjJ 6^4JLo ^>Jj ^£45*4^*0^45* 


•r^d r &J 6^4*J^Jj^4*J 4^ 4^ |4"^4-fai ^*0 


4 J 6jb ^j4JI> 


(jluj4_j *d* C DjiL-jldfi i jjjj jbj 4 j ^jL j d4-)4jjjjC 

CC-Uj^J^LJb jl_j 4-J jlj_$* ^ji O ^_Sd jJ Cwjl^Jd^ £u4jiL ui^j C Ij^4jL. 

^^j 4^_» j * > 4«_) (, jL> ^d4_£4j c* * >6 ^ ^£^4_& d 45*6^ b d 4j^ 

4d*D jjj4j j-U 4^4_Lj> j5* 4 J dJLli4j d&jb CC*l45 jj 6 i jb 4 J jjj4j 


C«w>wwLJj-’fc i 45* 4^ d S m * j j4_^d J^yj 4»t 4 J b ^£jbj5* ^£Ll^4^ 3 33 , ^3 d ^£jbj5* C &^4j^jj5*& i 

0 j4 * * * * > O[5*614 * 1 ^ 1^ ^ dJ4_> 6^j4^_tb&i 45*4j^4 tf ..» ^ * 4^j * ■>i»i4 fc j4jb 

CJufi i j_j j4_i j 6jJ_^Sbl4Jb ^4i"6jb 4^ ^4-»6jb4J j4j Jj 4^4^4 JL*u*u ^bljJ ^ujtL) li 
^ *■*■>4^j 4^4^4 fl»<» * ■> ^b-^4jj4^ 4_)lS^5i^ ^bd 

• C^c>6 ^ jj4Jbj j^oj^o4j j ^*j4«b 4 J ( jII/4 - o4j . 6j4«JLl 

t 4 j2 

^jl^—i 4 J 4j4Jb 4jbl5b»j ^4J <• j jJjfc ^ ^j4Jb dU 

♦ ( j^4jblSdj j 4J <. lijl^ 

d 4 -. 4 ^jb d 4 -JL.^. ( 4 Jud) jlj 4 J ^ (Absolute Humidity) Uoj tUdj^iw-^ 

4_I 4^_)J£j . 4»j /^» I ^ 4*j i^£dS 4*j C 4 »&£lI IjS* b^ ^5* ^Jbj b4«9 b b ^-o.j4»^ 







(jZAj 


ja_>aJ ^ia-^aJ (nonconservative) b jIjjjjLaJ ^ai'Uaj ai* b<>jaJ <>jljL> y ^15*6 

aJ ^jljL^> i j ^a_L ^j!jJ£- 5* a_» ^ja^ja5*a*j^> j Ija^ ^ajLaj ^j!j>J£5* 

^<LwujU a_Ia^w»jj ^yyj ^U^u ii . Ijajb j*j-> ^ 6^aJ^jj^aj ^jIS* ^ l«L»a5*L&aj 

<^ 0 j<l_S* ^a„_)ajj a_I !ja»_k a_I ^1 j_5* ^jLo ^S*a«t6jLfa3 J£j CXm^*j»u ^£jL> ^oJa-& 

j £—> a^.^aj ^ L> ^JajbaJ ^ I^5* S 7 £• ^ a5* b^^j 15"& ^ i^^33j (^ — ^) ^ bo^ ^^m Z L> . I I^S* L> ^ 

^a»Lj \ * ^*o^a5" ^aJuja-^aJ !^a»&aJ L> r— ciXj^Ja^o ^y^yyj 

^ai_^jL (a^Jmi) jIjO* ^ Specific Humidity ^j-> : oi& <s$ 

aJL^jj L* jjS"^ l_» ajL^5*au j|jJL-*u ^ !ja»_k) j I«CL-£i lja»jb ^aJL-^jj L» ja»MjaJ a^l^ajb j L» ^j U 

yl a_> . a o IIj5"jJ^ 5" /Ilj-5* ^a_S*aJ I1^-*—> ^a_S*a«j ^ (^ L-> ^^Jajb ^ajw-uj L> ^ ^ l^a^ 

a«J j l«LL-£i ^1ja_jb cfJa^aJ^jL ^jjj— j_> a .r.^^t j_lj Ij ^-oJa^ ^aJL^jj L jjj^j ^jjjj> 

^^a-jb aJ (^1^ V,*\V) a5" 6jajl5"<o ^jjj (> -V) ^a^l> . bjl^5" ^jlo ^^a^aJu 
. Iju^a.^ ^aJu ^ ^a5" ^aJu aJ l^ajb aJ ^»!j5^J^S* iiJa«j ^y^yyj y a_^aj ^i—* 

^jU ^a^jL jU ^^ajb ^ Mixing Ratio Ja5w ^^SoJ (5djJj -f 

^^L_S*au c<ii_£ij ^Ija & ^5*ajaJL-MjjL J_i (^—L*J) ^j 6jlja j ^ ^jb j\ JH\ a > a djajb jLj 

jIjJjjLj ^j6j_1j Ja_Sslj j ^JL — & .(a^ol^5jI^ /^lj_S*) ^JL—ta^ajajl^lj 

j lja^_& ^j 15*'a^_I ^jJj^ 5*L^ j j^r5s^>cL-5* ^a^_»bLo ja » cj (conservative) 

Ouijl5*aj yjjj •<olibjju 6jaJ^ OJ^ jtJa^aj ^liLo cl«L^-»jajli 


uv 







(jZAj 


j JJ->JP ^£jj-> J Jj->j*? l£^ 6 J cr^i^ 0 ~V) 6 J^J ^J^CJL> 

L»jo iJjjj ,^^-^b ^j^S ^jjS jjo*P j jjjjP 

. (Jl5L^Lji5sjfc ^ 4 4 4 ) 


l^jb ^jb-MjAj 

^j 15 s-mj 

<“!<* 

^ jj->j+p 



W 

r, ay 

r,A 


♦ 

A,V 

fl,£A 

fl.tt 


c 

> v,r 

v,0 

v,-\v 


^ 4 

w 

^ 4 ,A^ 

'•.V 


^ 0 

vr,i 

u^r 

u,v 


Y 4 

n,v 

V * ,1 

Y 4 


Yo 

£Y,i 

YV,A 

n,s 


r- 

0“V,Y 

rv,r 

ro,A 


ro 

vr,A 


iv,r 


i 4 


^ajaJ^jL ^Jtjj-iJLp j_j 4JL*«jjlj ^jb ^aj^jb jj->j*p Jt&ZJ 


ij->jjj 0~V) <j n£* - > 6j cbjlj-S" ^jLo j <ilbj jl^S" ^jLo 

^*L-b tfL-I ci * *o I j*J j^J ^uj^J ^ b > I^S* V j 0 IS'.6 ^ 

. ljLO<Uu ^4Jb ^ 4 ^ 


UA 





















(jZAj 


^j^aja 3b :Water Vapour PressurejLj -t 

• LwLu4jO A_Jjb ^ ^ ^*" ) *3b <S ^b A^ b —A < Aj 

Lj ^oJtfLJb ^ A 7 < <'j b aJ A«$* (jJAjJ^wy. ' AjA J b aJ ^yJjJ ^jyyJ^I^Aj b ^oJAJb ^Jyy y' ^jAjL 


^oJcLJ^ ^*^A-j cCu j>^j6 ^j 6 ^ J l$b-c bjjbbbAj j £+jjdSb JCLujb i &jljAJb jb IjAj 

6^6^lwL*—cu ^A^IjAJb ^jbj ^^-oJiLJb ^A * .mijL gJ Ay_S* ciJMi*A jaJ b J A * * tjj >j ■*—> ^£^b 

• L>wLmi^J^ bA & ^£tfL_b <Lj - ■- 1 ^ J 1 A V ' b ^S^Ajfc‘ ‘**A I 1 


OAj 


^L&A»j ^b^+J oAj C a3 1^-mj b^ !*LOA^»y A^l ^^j^j b ^-oJa^ ^J^-jAjAbb 

• A»1 l$bwbjj-y^-& ^ Y > V"* A^ l«LOA_yy ^£A»b ^ ^£aJ b aJ d^Jj«w> c^b ^«q3a«& Aj bb 


aJ Aib^Sbj Relative Humidity ^ojjj 4 *^ -0 

IJl^a 5 * jbf aJ ^JjJ C^A 5 bjj ^Lub Aj Cu^ j|^ j 6 i j Ajbjb A$b 

jU ^jLD ^o.Ja_^ A—S* fijlj-cub jAj C j! jJLILjb Ja^aJ ji aJa^o Lo Jj CoijlSbj 

^yOjA^ ^AjaL aJ C^o^Sb-bAJb C*wu!^jO IjAJb a5* ^&jb ^oJAJb jAj Jj ^j&jIjAj Aj Aj IjAJb 
^jJbj-Jj mi . A—)b * 4 J-J ji —mj jl jIj aJ CCj^jD ijfi i jJLo*Lj ^pjJj Aj . b j I^jLo 

A_j ^bj ^Jbjjj *C-wwwjAjfii OJJ^ pjAJbAj j IjAJb (^ i bj Aj C-y<I^t 

^JiLJbAj IjiLJb ^jjj_j^1j ^A-Jj D j Aj A 5 bj_> C IjAJb ^OjA^" ^aJj ^jjjj a5^ jb ^jjjjijLy 
^JJbA_Xlj 6 i (OJJ^ j♦JA^^AJ A-j) ljA»Jb j_j jb ^-oJAJb ^jjjjibj L&fijjAJb CfijAjlS^fti jb 

^-J <W^ * )jm»m*Jbb 5J 15*Aj A«^ JJjMJO A»j 

♦ AjbA^oAj A^bbjbAj A^ ^6 ^jAj ^»*Vaj 









(jZAj 


jb ^£jl j4j ^£jJC*j*ubJb 


y y LjiT^ 

j(jjj^j b ^£j^w*j4obJb 


|«d^—J^-S^d dudj b^Cwdj b 5 b^^J ^jlwwJ 

Ij4-Jb ^£4_b J<4—S*d 4»C4jl^4j>r * > (. Ij^LJb Jj-j ^ bo ^*d^—& ^o^^jiboj ^jbo 

. b JjjJtp ^jb ^jJCoAodb Jd*d *U*Lfc J^CColj ^A*jX)b jO*U 

<lJ* jl-wo^ ^^du Dewpoint Temperature ^j<L_b ^Uu :(*jj4Ju (£4Jb -1 

^—S' ^wj^*rwwOjtfb" *L-b ^j4-o tjb ^Cujbj C wO ^ b^&j bajb ow» J L mj ^45*!j4Jb ^.y^i^»w> 

^^Jj6jLj j jLl^<li d jljjS* 'ij J ^ J ^- , < *-bb> ^ Ij4j& ^S**u*CwMjjb Icobc cb>jS*& i 

*Lo ^ C* Jj-ji ijS*b*o b Jj-j CoIS*^o l-LCd* IS*d ^do . I i4S*l^4»& ^£-<-C/ 

Ci ^do jl l£j L? bj> Judj>jd^ . j&£ ^do 4o jS* ij^|jAj ^jlS*d ^j4^ob 

IjcL-j jjj jb**S*cU d*do jjijJJbjd*d cOlSd ibj IjiUfc OlSb ibj ^dj 3 

5i %) * * ^jJbjJj ^bo j CCuO jCj Ij4J& 


^^Ju jjJL ojj :Wet- bulb Temperature tj^3 (JJU«) bii3b^ -V 

jL_^<U ^4«0 ^d ^jbo ^ Ot*3sj iJ-^i jjljO*L_J cL-S* 4-wOjA^ 

!^a *lJ \£ s ^ ‘ ^ ^S*^—j^S*jS* i^J3^ ^ ^d c* ij^mJb ~ Cbw C bo^-9 jb ^jbli 4j . IijrObw> 

Cl* *jS*d ^ j<jLo cJ bo jrc—C bo 4 j aS*^LC bo4 j>j b • (j4o ^j4^wojo jrC) l»Cod^»L> 

C b aS*^-C bo^»3 ^o>jb ^lJ Clwoi i ^S*6jb b^& ^jO^S*6wC-j <-C&^b ^jLob 

4_1 033^ pd^—L j> >Co jS*6i^bo^C ^^0 ^do b^clS^d 


w* 








(jZAj 


b o4—S* ^j^lwo4Jk ^j i 4 J ^* 0 4—»Jjj ^c<- i ^b $jb^ ^j^wmoJ«ojtlj 

. ^j^JLwo^o jru 4 J ^jL^iLj ^*oj J 

: iJLwjJdj A) jL^djASjjLS djLS^ft 

^ <W> L-5^ ^-*-J^-l ^mm^J^jbj L^J^d ^ jjJ ^jbofi^4»J (^£6l i 4*CU 4*J 

• LMjO ^£4j^jl£jjJb ^»4j 4_»Jj 6 ^ ^jJ^Jl) 

yjy^J J OJy y^jjj Jj ^ <yjy : J^ 

^-j>_jlj L-» ^4—i^J bjjA*-> (jLww^ i ^jbj^m>Q&S ^4^>^b u»wi > 

c I^l-iLj jU j^ujJ a£j5j j LJI Ju*j j-j ^pLLu j bjj^S ^pLLu <iJ&j jIS*4^oj45* <ljLLu 

• I^ L m Lo IS*4»j ^j4-w4w0 4j> 5jd»w j ^j 4^>jb J L&djij4Jb 

^LLu i Aj yj<Cjjj j* 4 ^ Latitude ^L ^<03 b ^j^oLj :yU -Y 

JLo4_S* ^jS>u jj ijL«j ^lj4Jb 45>J^> ‘cr 0 ^ ^ (^i/ j»^) lP 4 -* 

^j^yw— wo4Jfe 4__i 4*j |^4Jb ^4^4^! 4j ^6 ^ 4^ ^jb 4 J 

j4»_t4j C6jj4j I Jj 4^jbj&i <L>jb ^ J i^bj^ o4.S* ^£4j>jb 

4^ »04j> ^b >7, ‘T ^ 4_>fi J| * /«* 4») . J L-> ^ ^dSm) [^JJ^ 

j^j (.iSLtj ^4Jj4j* ojL* jjj ^ (Antarctice)jj^L l £j4l^4c> ^j4i* 4 J Ij4_& . 0 IS 0 

l£JJ 6 J 4lJ j lj-jlS*4uj4^ ^ 6 j 6 jLJ *lJ lj4_Jb Ik&jjcLJb CiL-»j 6 j ^^Lj>jb yj-^ <ii-^J *U*L>jIj 
. b ^ ^*0 ^Lj ^ LjywuMi cfJ 6 ^ 6 ^^.j ^ Luj ^ ^b-Mjj 

4 J cy^ 4-J4J& bjLjjbS 4 J ^jjji tdjbjdJ iijii^ “Y 

jLS^fijljb^ 4j^^b ^Zj^jbj ^-Lcw 

.olS^o bbj&i iLj IjulS^Ljo <iLyj 







(jZAj 


^UaJ aJ olSo ^ai* Ij4jb L ^J J :ElevationbjdJ £$jt> Al <ii)AJ -t 

^Ju^jbj ^LJt) 6j . bjrui— m.i^j jaJ LtjO ^JJJ b aJ 6 j^jjJjj^j a_» ^a_L 

. !«l>Lw> ^aJu ^ bj> ^jlS^^ojj aj^b aJ 6 ^jlL^> ^aj^baJ 

4_I C6jIjL-j> IjuLw^ i J j ^j-ijL-k (^jj6j jlj-^J aJ ^Zijjbj *36350115 — ^ 

l»J-j ^£jJ&a^_t d>b*6i l-bbobl^j ^ ^<w*j j£b 5 > d y^J jb 

. I Jjbu jb ^oJajb ^j >&J <^bl jj ^^jjiUb j Ijajb ^jZjdS ^£ajj ^£6 j4jjjj 

b &jjjb^) ^bjjj b j<£Z>jL l^j j^aj 6 j4j ^JLmjj^j 

^pw->bi ^ l^a^k ^*0 b ^£jj-&aj <w>lS*6i ^bj IwLib-Mj^ <£jy^ ^ 
*-} -bjla^S l-L-0^jL* L ^-b ^Vaj (.^JijjjJLp ^aL 

. IjJLjjUfc (j)bj bjj^jj I«L>LLmjj aJ IjJL^Ij&^b ^bjO ^£a^>jb 

: AjLj^ |*4J j4j 4J iUbd^jjj iJLiSjjd} ^l2 A) 4Jljjb (jljl^bi^ 

jljJL-b ^a«_)Ija.^ bfiwLj^j (ji-JolS^ c ^Zj^jbj ^2Lmi ja»MjaJ a«jajb ^ja^jjlS* b ^abjj> /1 

cii—^L> ^*Va_> c^£a_S*|^ajb y. ^b j ^J^-kaJ^Oij i c^jIS*abbli^ JL>jb J£j vw o ^b jJajb 

*L$A%0 LT*^ 

^j—> a5bj_> (,^jSjjjbj ^jjjj ^j_&aj^jaJ bja^ aj ^*ja^i ^jjjj i /<^j 

bjj-j> ^^J^fajb ^^jb^UfijiU aj ^*ja^ ^jjjj ^Jaj^a^ cCalS^di lj^ jb <^jb ^^-o.Jajb 

’L^Ji^J : bj ^J-^aJ^jaJ 








(jZAj 


^jjij— i ^£j,&4_) 4_S* bjjjj ^-b (J^-o^l) 0^^^S*VL^> /^ 

j\Sb-^j ^ 4«_)Ij^Lk ^ bjbjd^^j J£_j jljJLli ^*oj4S* ^|j4Jb ^6^4 jj^jjj4j ^£jJ&4^bLi4*j cOli&ijj 

• i5^4jw>IjS"6 ^ ^^t-J^ Cu.2 

6j4_jlS*b j 6 i j4_m,i4J j b.*_^ ^J-JfijLwoLo ^|j4Jb 45* ^bj^j ^JJ&4jCL i4j bj& i ^4-L*Ii / i 
^^j*L-*-)Ij*U ^jSjJbj ^L£» ^JiJJ^i <£j^ b *^7 J .^- > J bjjj ^ jl5*6jljb45* 4J>jb Jj C«mI^ j 

. bbj&i ^*Ubu ^jli* *l! bjjfi ^-5 ^ 6 jbo ^ 

:^2jjdj ^l2 



^ b [ »<» ^ 4 »> 


-J (^J-Wob 

-j <l-S* Hygrometer*j-LJLwoj^U 


- V Cb *.*— m , ' 4 j* ^ (jj_-o) jjj*i ^ <^->b j 4 jjj—> 

/°T ? 0 ^ 6 j-jj 4 —i -^jj — 0 ^jj _>3 iLjji jj .(Y 

. bjl^CL- mi jJj j (ib-Cuj jJj ^jlj ^ > 4J ^-JLS**^ 

dSbjbSj bbo &£b^^jb$ ^54-t*^4jJ^-^ ^ j[^S (^£4.JjJ> 
^lufti ^lfc*L_> 4_» Ol$b Djbo b ^£0 j4jJ_» C-s-wL-Jjj>fi i 

l5 1_^ ^jbbljjS* ^bJj jb C L£^J 

.(Hygrograph)ljLil^j^SLU ^^ob-LJ ^buL-. oli*<o ^j-ij 

b £yjj b ^ ^ 11 4_tJ^j C 4»jI i (/o ^ 0 — C ) I 4 J ^ bjj^j I i*b ^»4j J^j5*4-I^Jfc ^bjjj 

jAm-Slt b *L_1 /o 0 jj—> 6^4—*-i^Sb ^45* 4«l4Jk ^bjjj ^b^^j Jjj j5b 45** <5 ^^L^b4j 

. l-^>j^jjb 



















(jZAj 


L^J1^4*) li 1 t^j -j 1 ^ b ^b»; -3 ^ j>x»*J LiP j IS* Lft j^^wO b 

O^Lo ^£j*j4j2i ^«LJaJ;*iU_)b *L_t C*JL-j o^1 *oLj . IjJuJjfcj ^IS*6 jj*U *LL^>£iJ 

_*“» c^bi-^ ‘H ltt’ 0 jbb?“ ^ ^Jj4^»w u t j J jJjjLS' ^L mU j ^jb - 

^L-^i ^L&4_) J_j 4_t6jbob 45* (illJftjUb-J Jj C*Jjj5*&i l-L)^S* j4»i <b ^jljL^> ( ^lk4j . 

•LSd*J±> 


Si jI5*4l_i 




2L> (j^-* (Psycrometer) ^£^L*ob U&6^j4jb 


-J ^ J .4^*- ) lj4—I Ce ^t »L^J ^jb^JmJ j|ji 4»J 45^ t(1T V ^SjJLtow) 



JjlJuLp (■ ■ Vj 

f.L" 
f.'vrt^ruj! T ?A?f7s 


4—i>L> . ^jj4^J ( 

^^o^4»_.5* ^4—b 15*4_> 

^jjjlj4-j (^il-C-) ^1-^b 


j c^b-^ L^jb^r^ J ^ 
L^JJjb**—■* ob^" 1 


6j, 


■5/» 


j4_j J_j jL5*fijl^S*6ibob ( 6jljj-^oj) 4.~.JL-> j jl5*4_jb4j 6 j-w^i 4_I ^4-Jtf C*^6i 
^4_b ^ 4^i j 4n.^,i ^£4_b V* * ^4_b 4^^ (jb^jlS* .^Y — V ^£4—1^). ^UJj^J li 4JL^4_)4 »*<o 

(.CwJ&i %*\V ^4_$b>Jj ^bj-Jj ^L£> 4*j 15* j4j C 4^i4«Mj (^4jj Y 0 ( jJy_)j4«j (^jjjlj^j ^>3 j45* 

. 4«j4,b C 45* ^jbjI^-O ^jljL* ^j^5*45 ^£4j») f • 45^5*4 ^j4j ^g4^o4*j 45* 














(jZAj 
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(*“j 


Xi£jt£jg (£4ttUuJ 


^^taJjL-l ^JJIJ—> I CwJO Ij4_* 15*4—MJ jLj/ jLj>JJ5J 

4j C*»Iu ^^jjjbj . 6jljL jL ^.*■^.^-1 ^jjbj b 

J 4—^41 ^jL-» ^ 

^^1 IjlSjJ* ^ (^»>L>t-*.w. i >iII) CoJXj ^po 

l—*■> ^j4—4.1 ^15* 4^* ) (jruljj A*j Cjj4^6 i 

.{jdS'bS l^4Jb ^jJj«mjL» jlS^ 


CwJ^ jjL-tj ^£d£-3^J^i !j^-& {£j^j ^-O^S* 

j__) fijfijlj-^ j6j4_i Ij^-Jb ^jIS* 6 .OL^J iL>j ^-*Ij4j ^cCwmjjL bJudj>jdJb 

j4_j CC*1j4j ji^S* (J"“^ <jS^ C**J ^ <J->* $ ij^^ JJjdjjA-* 

L,ldU ^L—> * 1 * & ^L-l ^WWJjJ b^bj^SmUJ jjJ CwJi » 4j ^JL» i^£b^Jb 

^ (j ijTl ^ ^ ^£j_rw£ cfi—*-* 15^ <• i b^&j^ b^Aj L w^ J ^Lj 

>6^^—i * )L> ^ {^^33 * ’**' >6 i 1 ut ^gU Lww^J 4«j 

.(A -^jSb^L) Hydrostatic Balance l5 SLjL^j J JuU ajl^bai' 

^jLLmj^u 4«» ^j*jb j ji dS ^bj^j j^jt lI L> 

^jljLo- ^-1 <LJwi6 I ^5* (^^—» b bj 








(jZAj 


L*.> 4.IjjJ jjJ 6 A**&jAS l^j4Jb ^JjJ^O^J Ci^LfcrW (^l^4Jfc 4 J CU«W>0 

.j^jjA^lij jjjdSjtLuj ^JJbdSljb 2 d£ 4-tlj4Jb 

j4_>4^j^\S* 6 i ^j&Z-s* ^jL. ^^-s-jlj jj 4 S* j£>4jLIS\.jj j4J 

♦ C^w O lil^4Jb lS*d Jjj ^j4^j4^*4j C4-tl^4Jb ^jlS*6ij4S* ^4J^J> 

<jL-» ^jj^j ^Jj-k4j 6 j6j4-mj Jjj 1^4-k ^jlS*6ij45* ^6^4 j^jJjj4j ^jIS* 4 J 4jj^jC Jjj — ^ 

^£j4^_ijj^ 6 i Ij^Jb j a5sJLjj^J (Jj^j j^j\s &j4«£*4j C Ijj IS*4 jjISjjj 4JLmj4jj4j 

^£4_S*<On-w>j lj^LJ-5 4_1 d j\*A‘ L-S^ ^£4_$*4j > 4^\j j—> ^ ^L-l CwjO ^ l^4»j 

.(Atmospheric In-stability).c^jji ^jjaj ^jL ajJj ^j^jjjo 

^jIj4^*4*j j jJ$j)\*+> J£j 15*6^4^* j4*S*4*j — V 

j4*J <Cj^ ■** <4-1 6^4-6 ^ 4^_tl^*j4j C^j L»j4-_)^j^& i 4 J J4o4^* 

.(Atmospheric stability) .4_> ^j-jO <£j&*> <Sj^ .Coj 4 S*ob 

^S"4-J ^jL-»Jj^ ftjij^wi Jj —1 6 j4_ij J^JJ 4j Ij4-Jb ^jlS*6ij4^* j4»S*4 j ^*^4-) — t* 

5 ^ lj4Jb ^«*o^4S* ^4J—> ^45*4 j ^*0j4S* 4 J—» 4—)!^ C^i-<-f 

4-j4_t^f ^_j ^5 sjj 4-J> jL-t 4-JL^-S*4 j ^jL-i ^4^o4j C&j4^CwwLoO l-L>J£> ^lSblj> 4 J 4jISj4j 

.(Neutral) 


cjt-°^ ^jjU 4 ^ crA^O ^ 

( jluw)lj4_) .(6^1 Ij5s—»vL> l-L.*o4«j ^ ■ -' ^ 4 1 4_1) 4_)lIj5bw> ^ ■ - 1 4_S^ . 4 j ^LwwOj4^” 


^ I ^ C (jt*^/^ * ) I^5^4*) |j4Jb4i 4_w^u Lw) ^4 j ^^0j 4^ ^4i») ^ I 

^4 Jj ^Ijj-^ J K|^S'/ t ^°^)bjp L /4j|j4Ji 4 J ^^SLjL-.:^ ^4 L ^Iji^ 


wv 







(jZAj 


x dj i£j&J mf 

jljjbb <^°(^\ ^j^O ^jb ^^-^b 

6 j^-ci6 ijj \jd*j j^_I . I .aSn—/.“ j (IjJ^k 4»J O^U ^*Oj Z tjiL j>\yJ> 3£~? ijZJ 

• ^ (i~V <j> 'jli) jy-jj* Coi |»‘'-*j^ 1 i^j^ 1 l?*" 

^ljj^ ^l ^>~3j JjjLkj4^4-t OwUdi OwMjJji ^Zt^J^J L^jb ^ J^Sm*m> b ^ 

j —) C 1-bL^j tlj4Jb ^^*«jb—04 .> ^*0j4^ I jj^ (*£ |* ^1 L4 J ^Jdjj^S* J Ijj-*— 1 

bdjL^ |»*lJ |*X/(j-^ ^ * *b jjjp6 jj^S* jl jj^ ^jI jj5* ^IjSbjLj jjjbb^ 4 jjjc 

^^L-b . (jl—£>j ^ Ij4_& b'ft 4 J Ou J i i ^-Ojbw ^^ij-»6j ^a\j 

^*0^£^-b |»*^f^-l V * b^J^^Ojb«S* ^ ( - 5" ) ^1 ciblij ^Ij4»& 

I»LjIS^^j ^jIjj4 —1 j^^o £L-£> <b Ij4—& ^jl5"fi j^L—j^U^i Lj> ^£4_b ^ Y &SA&ZmJj 

^jL. 4_*o4_) l ^ J^ J^ 1 —■*<■< j-j 1 6j*L-> jJjj4^ ^lJ q>—<->6 ^ 1 * lj& ij4_) *L—>jJ <.^*L_$*«0\J_j *lJ d 

.(Unstable Atmosphere). c^-Lj^jo ct^O ^^I>b 


^I j^\m*J dj ^«—<- > (jbiU ^ kj J l^J) <1 ) b IJJ^ JJ-» Y 

jb-» j4_)^f ^_j ^5bjjb-i 4-^15j4j Ij5b-<i/j ^Sb »l j<l& 4.—I ^5b-jb-»^ iL_j ^^b ^>Ijj5* 



^l^i-cM^-fc^V" rv 1 . 1 -F.,. 1 ■ .>- r - ■ .1 ..-... ii 4 i • ■■ * ■■! 


.(Neutral Atmosphere) aLoC^jji jLS'ju 


obaijjj ^ /^^j 6j l ^ ^j^S\\ > Y 

jUj4^ ^ 3 ^ <J^i L^Ui-^ xpUj^SbJ 

ls^j^ <J^i ^ 33 -^ ^ 3^3y*-> 


C(i-V ^JbjLZj) . I jS^Jtsj 4 J ^^^Sbjbji^Lj 


ls^ 3^ <S^i cr’bi^ j^jbb jaSa3jji jj 

(ill plS* ^ \ * I JJ—> ^ jljj—L j 


WA 

















(jZAj 


CwjO ^ * ^£4_^1- ' 4—»IS* ^j4 —> b^bj^jj J£j b^jdJub Sjj&j |j4J& ^jlS*6ij4S* 

4_J ) Lw> > i4__t ) ^«*oj4«_S* L * IJhj—^ I j^Sm*J Owo6 ^ f*^ ^ c.^” 1 ^-^^*’ ) 

^jL*o4«_& j4_m,i4J CwjO ^^4_>n>ii ( ^£4 — Lj V * ^4i«j ^»*^4 j <• l-Os-J^^ ^5^^U 

^ lj*L_& 4_l Di_ j Lw>j—> ^ jJ 1 .Mi l^a^L—& $* 4_^ <^£&^4 _> Lj> . ^jI^j4_) 

^jLl ^J)\5\ A > jL.J> kmtmjb ^Jj »tVl jjJ b b ^ ^ 4^ 6 i l i 4jJjJ Uj 4*J^J^ 6 i 

.stable AtmosphereCoi dLj 

♦ tajjJjaU ^S4Jl^4£ 41 


i 4_> i»Cw< -0 ^ ^4«j l^4»& 4 J ^jL*o4«& ^ 

L5 SLjL_)iaj jL^ <J*^i l<J^j^P lt’^ 

4_I ji^-j 1 jJbj^^m^ ^ I ji^p * 1 ^*o^4—S* ^ 4_L;- ^1 ji^j Ukj4_S*4-t . Iij-*—• ^S*4j!^4Jb 4 J 

l£t-P l 5‘ l -^ cr’bi-^ lSLt-^ 



^jL_> Ij4^_j ^5>wo L_oa_j 

Lkj4_S*4—t ^*V4_i Zj^Jbj 

jUj-4^ ls^j^ <J‘ L -^i cr’^i-^ eSlr^-' 

^4_L ^lj_Sw 4J jjjj&jyx —1 

^jLi Ij^lJ ^SLjL-O^ JjJu L^° 

6 J CX-mjjj i ^ ^jriSs^ > 

Ij4__j jjj—i jL* 5*4 -i jL-^l ^Z3 j4__$*4j 
C-—L> 6 i jlj4-j ^6^1-£jl& -*^45^ 




wn 



















(jZAj 


^£*L-b ^^L-5 n.jj 4_1 4_>„>,ijjJ ^Lj> cii->J_IdjL^llij 

jL ddij (j^) iJ^j^tj Lb d* ^db ^jLi 6 j^j IjuLjL-u ^l1 ^jjtj ^>IS**ll*> ^jIjj^j 
^jljj^d ^lil^Sbj v ( ^-*jjdjb c*_j»^Sd Ijl^juIjL j»d . bfijjj jbo d 6 ^Lj ^5sjj!-CL<^ 

C(0 - V J-W^ ’ ) ^Zj^jbj ^jL jl^> 4j ^ ^db 

: d *r 

<w*—• dLpl^ Lr J^jjb} ijLbb j ^jL :Absolute Stability UdjdJt$£' 

^du ^jIjm^S* d j^d jIj^^j ^gjsjdS ^du ^jIjm^S* d* <w**jO 

(^tfL-b I J|^-d (^l J^SmtmJ ^_d D O^J C ^-<-j L—0^*J 

. IddtJ ^AjI j4Jbd L5 SbjLji4j 

Ij^L-D t jj—' j*d/V* jIjj_1j ^^-dj ^Ijj-d ^Ij_S\1j jjjlfcj<Ldd 4—'J-Cjj 

t(|dY ^ b-O ^*Ojd" ^du ^jljjd* ^l^^*^- , d OwU6 i jdjJ>U 

aj^L-od.^/j-w ^ ♦ )ljdbbj j4jbd ^^SLjL-o^ ^jd ^du ^1 jjd ^1 I^Swd uLo 

. b^j 0 - V,ja^L^d (I) ^Codbo 1 &&j ^_£^d\l> 

<Ld obojjj db^jld :Neutral Stability (Jubttl) j4-}¥ -T 

e5*°j*d ^1 jjd* ^ j~^P d C^-1 j jL^dd jl jj-1j jd* ^dj ^1 jjS* ^1 j5w 

4-d ^^sjL-04-Jt ^^oj<Ld <^£4—L ^jljj^d* ^1 jdd j ciJ—<I ij ^Sdlj4Jb d ^SbjL-O^j 
^jcL-ijjj 6 i ^Ijajb j db-tj ^1 jLo^UbcU Ij^Jfc ^jlS^ijd* bdjb ^d cb^S^^uIjiUb 
|*^P J lj^-^ jb (^4j>) J^j->b J d >C^jd^ ijL^ 

. fijcCjjJ 

^^1 jjd" ^1^Sdj d' dLjb*: conditional StabilityjlJL^j^ -T 

j b^j iid ^5d-jL-»iiL_j ^^oj<Ld ^^L-b d C-wUjJ&jjd* jIjj^j 







(jZAj 


^ jrObw> IiSv^rfi'J ^4—Jjajb a«J S* ^^L-L' I|Ij5s-w) aj L<y J j\£^jSXU 

♦ ^J^jLo^J IT gL> jgL>0 . b ^ 0 — V ^6 aJ (<^) ^ ^bfc J I Jj>j^-/5 


^1 ^\ZJj CcXuO ^jL> (jl-cij a^l^ajb J Lk J 4^ a»j / I 

^.^SLjL-oa-D ^1 jJ-S" ^Ij-S^Ij 4_I bj&jyx—j cPbj-^ 

. I^Sn-Cwj jajbaJ 


a^*jj^> ^CmjO CX-t-ujji >6j ^jLj ^5 jIJJL^i 45*|^ajb jdSdu /<«--> 

^oj<L-^ ^1 jJ^ ^1 ^^waJ 6 ,P 6 jj^ jj^ c^° j^ jj^ <J^.£pp 

. bijp ^aJjaj* aj 

6j^L-j tjj—> ^ jljj^ i^°J^ <J^i L^L^P J 6 ^^ C a«*0 a«J ^pJ^J jJC 

^*^j(jJ>!-J 6^9 <>^_ £ I ^j+) A b^*J ^S^a^jl^a^k aj ^* 0 ja 5 * ^£ab ^ OwU6 i jJ6 JJ^S 

l»4—I \ * Ij5b-<H/j ^S*4_tl^a^ a_I ^£^^jL— 04_t (^ab ^1 jjS* aJ 

<Jj$Pr? Jj-i l^ajb j^j U&jaS*a*j .Owud^ bj!jj>j^o ^jL> aj cP^^j ba^>aJl> 

4—I 6 J\£jjSkj 1 I^j*> A ^Iji^^j ^*oja5* ^ab ^jIjJ^S* (^1 ^^p a^*j^> CcXufii 5 pj^jbj 

ji^-»L-^ l^j+t \ * Ij»5bw^ ^S^a*tl^a»& b b—o a*j I j^S ^ l^^»<—* 

i^°j^ L^^-b cr’bj-^ (jLr^P < bb>^> ^Cw w' t ^ {£j>^ <J> Li I^j4^ 

bj-^-* »i4-» ^1 jj5" ^1 dj 6^^^ 

^IjJ-f ^IJ^Zp^S obojjj :Absolute InstabilityUdj -t 

j ci— jIjj^j 

^^Ljji . b^ 0 “V ^p^1 —(p^. bJ_p j^L&b L5 SbjLji^L-j ^^1 jj-J" 

IIj5b—>a«_I 5 jjb d^4_* cd ^ajj ^IjJ-S" iJ^j^PP ^A-oau 







(jZAj 


^1 jj-S* ^1 ^Zj^J bjjb jj^L-Sj |t5^/,j^ ^ * ciLiij jdS ^1 

^jL. ^^Sn^>Lj .|t—5 ^/^u ^ b j-o ^^ulj^ubJ ^Sbo L-j 4 S* <^£4»b 

ajboL^ ojjj^J ^jjj ^jLSjjj 6 j bjj-^ jb’jjj 

. Ijulib-Oj4^ 

t jj^j jl^4U ^Sjjdj djbj^ (jij^jLS 

jjL-» jjj_j jLSb^5* AujtSsjj IS* jjlS^^j 6jb^S* 

^lja_j& (illL^> L 5 ^L_^Ss^j ^j-k *Cij^-> jlS**U ^Zjjjbj Djb^S" j4S*4j .^Iijjfij ^jj-^j^Ssl>b 
b^ cCwjO Cw^jj^ ^g—uj^jbj ^j6s * > Lu. cJ^L—>ol^b LtbwL^>j^Lwj^J 

^Ij^L-fc (iilU-^ jJj^lJ <S^ J**—^ ^j—J^S^L-t 6jbj-S" 

l^4Jb ^ L»u* i jj ^ t ^£b ^jb 1^4 —> ciJ^d^l^b 

. bjbj^uj J£j bjdSZub ijj4j ^ 6 j , uo4S* 

X A) (jfLUjJ ^jjdj 4^^iiL) ^J^AlUdJ AS (^^Jljbji jAJ 

I.A—iIS*4.Jbol ^ j| 4_1:Radiative Cooling 1 ^ " 1 ^ 3 l^b** * * \ 

L £lj4_Jb<U 4 j (Jjbj cii-»J-> ^Ij4jb ^j^OjImj ^jj2i4jCu6 i CObfcijjj 

jjL-»j ^S>Ujj ^4S*Ij4Jb Ij4j cOJufii ijbw 6 j4jI jSb^j 4 j ^j&j l^JJJ clbLjlS* .^6 j6j4-mj 
(\£^bj 4^ <J*LjJj) 4*J i^b^bjdmj dj c->lS*6i 

^£4»b i Cu u jj» ciJ^d^l^b Ij^Jb 4 J cibwLc> l-U&^6j4.^4j ^ ij b>j ^ lj4Jb 

• Owofti (^jb ^jr^Sb^>j jd£ ^bj 4 j 







(jZAj 


L»mj * * i^j c:jL„. ^5^4-»!^4jb 4-l4-»^j ^-o — Y 

^j\ j&jb du^J (•^bjbj^M <j)bj kjjp ^bjbjlj^ ^1 j&jb i^£jJ I 

• ^S^4-»l b dj ^ C>W<jD » 

^£b ^J^Jk4—*.<.-Q ^ C bjjA*-> 4_I ^S*4-t! - ^ 

^ &jgL-X-wLwQ& ^ ^ b^bjd^jj .J 

• L^JO ^ZjjJbj 

I.L—iIS*6 jj4«) 4jI~ .mi*U 4_I i^bjt L_j <iJfij Ij4_k ^*0 jj4_j ^-jlijjj — £■ 

j ^Lj^Oj5* ^Ll^L j C*-1 j& i Ij4-k cOliftijjj 

• Cwufi » (^£jL> <jb*flj 

l^J 6 J ^-JIjIS* <• &j&jj-^ ^5s.^>— ^ lijjj J ^j&j ^jjj ^JJi j» j 6 ^ — ^ 

^^J^J^ 1 * 1 S*l^4Jk 4.-I 6^j4-«wwi6i ^L<w .O ^ 

^jL-> ^ b^bj^m^jj jj—> b^d^c+ j b ^jj^> ^ 6 b^bj\j> 

. cXwLj aSn-w) ^Mjjjbj 

ImL-i^6^Li ciJ^L—»6il^Lj ^juu Jj — Y 

4—<..*.* ^—> l jpJ^^O^J t^b^b^^m*jJ ^lJ CwJO *S L> ^ ^ 

*lsA% 0 c£j^ J jj^j^j^ 

^a_L ^»-Jj4—11i iJj^^JwJ^j C b jjA—> 4_1 ^l^aiL-fe<4»J^U^j Sj^J^-fe — V* 

^*0jj4_j j 6j^LJwLIJw 0 6 i 4—f <iJ^— tfiiljlj fijfijlj-^ ^Ij4-Jb j bjbjt L-w ^IjiUb 

• CUljfii CIwjjj^ ^ZjjJbj L ^^Ssl>b j jjjjdSjA^j 








(jZAj 


aS <j) 6j C<SZub2 C^-MJjji (J-^JhO I SjjljjdS J^-MJ ^*L>jb 4 J — £■ 

£j b^^m^jb $ 33^ 3 b3&Zmtm)b L>6wL>^J l»LtLwt ijjLS^iUoJj J^JAl b b 

.iZZubS C^Mjjji bUb j jjAJb bj^ZJ j 

i^aj£j&£ JjJi 

^s3i j ^ 4^4j> jj j ( _ ? SLijS" j 

d* m }^}b$jdS' CC^w'jb 5 i jljL. ^ Cu^ 0 jj4_& > I j> ^Xj j b ^ Jj*)^jbj 

cr^Jibj ^j&Zs* L» ^3j-> **-> jsLjjjj ^J^Sjjib^ 3 jIjJj j jIS^Jj^j 

<w«— 33^“^ 3 ^JboLw^ i <m ^ Sm *3^3 1*5^31^3 {£3 b <£3^^~3 b 


*L_» bjt L-j j5vJ«i-_i tjljb <^ujb ^JJSsaJCsjb ^JZijjbj ^^\Ssl>b ^^Ssjjb jj^odjb 

CjIS*OjLwj < 4_j ^jlj<LJb 6 j 4 _i ^jjjj—> 3 -LJjJ ^jjjj^ ^3^ zibj bjbJ^J ^,ojb ^jlSjJb ^jjjj 

<A-J (>ZZZj^\jj> jlSbJboL^ j 33-^ ^333 J ^J\Sbc> ^lS*&jb 

6j^-i 4 jj^jC Jjj)li ijL^i 6^4jCub 33^ | »jd£ 3^3333 l-^bL^j <£33^3 

(jljb ^ Oui dL_> ^£jb 1 * 5*331 Z * m * , 3 3 ^ £3^3^ ^ (bIS*!j 

.Cojbfi i 

6 (I j^&3) 3** * * <A—itfLfe jis* ^Zj^jbj 

4_jjj C^ja_^jjjL& ^^Sb-jb ^J—Jbj JjL ^jr^Sbl> *£ £b3<£ j4jb L> *^3^0 LT 1 ^ 

^ <U ^yli'obo ^J^rbsl> AASlibS 

(•33^*^b $3b $ (jjLf^—C>) ^jLf^b 3333 ^S^4»>6 3 mi ^ 3 J ^ Z)\£A**Mm*j b $ bo .I«^jIS^Lc> ^Jb*^f 

bj& 3 »*» * 1 6^Lj 3j£jbj ^jLi cb—>IS^ 33 ^ jly^ i ^6^jbo b 







(jZAj 


^ Lw. jrOLw>j 6^4—I-tjj 1^T6 ^ 


> li'6 i L*o C Lw 

. lwL-£fjj-»6j L> ^£jLf 


<CLmJ^i^w) IwLt-cuJ^Jdj ^jrOs-w> ^IS'ftjL J ( jj^j ojl* ?*& m 

IjLj <. jJjj<L-> j4—£* 4 J j 15*45"jl5* J45ji 

. l*L- WJ ^5^ j ^ l^*J 

^£jlj 4j ^wL>6^J^J IJl^L o 15"^5*j IS* ^J45"ji 

^JjjA ili cli-JL) j ciLjjj ^ kjb j.4— £i4j j <£i!jJJk 4_i T ji !-L-c4/j-»6j ^jL ^jt5\Ij> <U C 4_t4J& 

m* ^^j6^ * />* 4j ^—)I^—> l«Lt_^jLf ^j)\^«*j> L-> 4 J 4j cCujfi ,2 

• ^wj 5 LL 







(jZAj 





jLS^lyljAA djAJ J <U<U jj 





















x (Ij 4 & *LuyjU) IjAA x^ASAj 

^ 4 -^^ujjjji <. 4 _j|j 4 j* ^ (<l_j 4 J) ^y^jbj L 5 Swaj(Air Masses >:Ijjl& alt^jp ^^LIj 

bj^^bj ^J4J2m—MJ *L-l ^^-^4*-»Jj4j ^ ^j4_MOjjj-^ 

<ii-jJ l-L»4S*4JL-M.lljb J L> ^—»l^JL> J J b j ^Ju (iJftJ ^lS\JjJJbjjb 

^L-S^ C 6^4—*-t ^ b $ L»J> I-UoI^JuJu4jC4-w.L 4—1 I j ^ I jjj—S* 4j l^j4Jk 4J^»jj£j . b^^> 

.£*ujj£ b i Ij_Lk 4 j j 41j4j 4^j j ^^jJ-mjIj 4j IS" bj^Sb j ^L&4j 

Ij4_& ^J^jjj ^>JijjL C I-LmJu^j6j 4J *U4J& ^^S"4-^J^S" lj4Jb 4 J 4 JJJ 

l»J-j ^*0^4—S" ^£4_b i^L-Mj ^Ij4-J& *L-l*Ujp CLS"6-L-»-i ^j b$" 4_S" 6^4 JLw> 0 li4jL>^b ^4i 
L&6 ^j 4-& . 6^^jlS*6i ^j4j ^m0^4S" (^£4i«J ^l^4-& 4 J 4 J ^-> C6^4*jlS"&i 

^j->4_^j ^jb-O (jJjL<bj4-Jk ^lj4Jfcjijlj C-u^S"4 j . (C*Jjbo 6 j 4-LLI) C*J^S"fi i 4 J jljb j jjAJb 
jlS"<L-> ^jlj4-J&jjb 4-»j 15 n-L1Jj-» 4 J ciIjJj4Jfe cOlS"o ^jlS" ^4-»lj4Jb 4J4_jjp j4j 4j 

. <jJ-Lo-jj4j2i j4Jb ^ Ij4Jbjjb ^S" ^jbi 4 J jL+niub i Ij4j2s 4J4jjp 4 j Cq-JmJ 

♦ Ij 4 & ^ 4 jJy 

jJ^ojLS jj_J lo jji ) ObSbi <L-^4f l-Uljly L5 S"4j4j>'jb 4J lj4Jb albujj 

4 _. j (Anticyclonic) I^Jjj 6 ^ ^ ^4i jJ>4j l^j4Jfc > j4j C cii-b ^S"^j_j^j 

6 j*L^>jb j*lJ 1 L j ^mOj 45" ^Jj4i4^-»b 4 ^j4j 4i-» j6j 4JLL)_^>0 *U4^jb j4j j^Lmj4J 


;jb j^^jJj bj^—S*4 j C6jbLJbjl5^4j jbolj4J& 4j4jJj cA-im(-»45sJLj j 6j4j-Lo^> ^jL^ib 
L>j^-mj 4i 6^1 j^S'jbj (^4^-)l jJb I jJmJ^-II ^ ^Jbj 4X- 4i 4$b>C<y_ i j>jl^4 j 

. fijjJ L&jIS*4j 










3 £ 33 ^ 0 b-u j 4») ^£4j>_jb 0>- ) iA^»0 !^j4Jb 4,14oj^J .C^ U jS*6 ^3^3 

lj—»jj}jb ^jj4^_i ^jLL-mj^j £ 33 ^ ^ 1 k • IS* 6 ij L-mj 4^>jb ^jb ^JgL^M->o4J> £ 33 ^ 3 Lmj^j 
^ ■**' ^ jt L-5^ £333 ^L_l c^ u jS*6 ^j6j LS*4«jJj4jC 4«*,jLj >b I-Lw, 1 <jlLj^U ^bj6^4j b^A3Ljj^ujb i 

CJ—wO i jrOs..*—> ^jL —> ^ 3 ^ < 33 • “A * l,i4j4»S* ^j^b 3 Lj jd^ujdJ bo J^j l^4Jb j»*^4o Cd^ 

j4 _mj^J ^£4 _J4oJp J^— 1 . &j4-bblij j £ 333 ^ C*JjS*Oj6j 4_t4j>jb j4j ^Jj4jC^U_)Ij b4Jb 

. ^£ 3^3 3 ^ 3 ^£ <C4LS*6,i 4.334^* bj 3 &£ ^jbbj <^£4j>jb 

jO j»*^4«_) C^j_j> 6 i lj—> LS*4^—> l^j4Jk 4«j4«tjp J -5 ( m £* Q 3 ^£ £^^ lj^I3&^4»j ^J4^*4j 

Ijw 3>&£ &m*j l^4»k gL-l^U 9 -J 33 ^—) /, 3*i 4»J ^4«S*4»j UJ^ I^j4-mj4*j ^^I^jIjh^S* 4*jbjj4jJ <LuLj 

Lm,< ^£^4«Jb 4_j4«jj_t . I ij 1^Lw> <«144 jLwm. ' ^^U4j>^Lj j^uj^j ^3»jj 4»w—> LS* 4 J £jj^> o4«t Cl»u J 

j4_mj4j j 4_JC; (_^bS* C3CL>6i (^° 3 ^ £^i. 1 ^ 5 ^ 33 $ £ 3 ^* 333 ^ £^ 3 ^J^ 3 > £^£^ 3 ^^ 

■i L—^ £^£^.*-*—*'»' cib-£ i _2 l^4»Jb 4j4jJ£j L&6jij4Jk . A^y. i lj ^C34^*4j lj4J>s-w> ^3 C I J«»o^4S* ^S *^333 

4«J 4_S* ^LS'jjb ^L. (iJfij cCCCjD _Jo IJLJIS'AJjb 6 j_CLjjjj J^—--^4j 4_S* dbCloLS* Olb'i i 

Co^S*6 J—14.& ljjLS*4*j^b ^ 3^333 ^4»mjJ j ^j£ cCo^ ^3^£<m3j3 ^Jb 3 L>j4-mj 

4»_l4jjj,j ^£\mJ 3 i 3 Lk&^j4«Jb . I Jo 15^6^6 3 *!L*£ ^j*V ^^333 4 J ^j^b bU^ 1 * 

u 6 jj6j .C^ljfti j4^CLj IjjlS^bbSij 4 jj 45^ ^4^-jb jiL^4 j cJCLjLS* ibj ^bjfi J ^lj4Jb 

^^-&4CCw)4»j CJ-oD i cjbC 1 ^ D^4«j ^ 1 ^i c b-wb ^jj-C/b 4^ 33 ^ ^ ^jl^b ^Cojb ^^&4CCw>4«j 

.CX^Ijd^b ^bj6i (^^*^^^333 {^£^33 b ^ boj4^ ^Jjo4»Ci 

: jLS^LuljAA 

. jlS^^Lul j4jb4C^ jb b^ajb ^ Y A JLj (Tor Bergeron) jj^>^ 

^ - 1 4__i CoaCLmi^jO ^ mi ^ ^4«_b O 1 Jb £j)£ £^3^ 

♦ j4jbo4j 45 jJj> j!J j i £jj^>j Ii ^LS'^ ^j|j4Jb 4 J 40 JC ^jJu J ^3b ^jlS^4jjb 






jtfAjjJljAA djAJ j AiAijjj 


pdluAto ^2AJ 


:c^^SoLl& Arctic Air Masses ^^ALuAj &)Aj*aA& A)Aj]j -S 

bb IjjIS'- .- ^ i 4 **» <L_>jbb t^£j a»»» *ob ^jjSL^iJ 

<^4—b ^ ojl— m^jJjj »b (Antarctic)jj-^L < L m^(A rctic)j^Sb q4j> 

.c*woo ^^b i- A — ^45 *!j4j& 

:c*-jjt>s L*l& (p> <l_> Polar Air Masses jl^AujAu^AS’ IjA^ A^Aijj -T 

(jb-llJXjLo Ju^> ^6jLo J£_j 4«b 4—)4jb>jb jtfL-i j ijl—^^JLwL w-j bj 

jjL^Ljfij ^JJ^L j jj5b ^jlS*4j*jb j l,34jb* ^LmJj&j bj LjU m/ (iJftj 6j*Co 

. ^ ^ b jjL-w b ^b*l^4jb ^4b ^ ^ 

j^J :Co/<o Ll* (T) aj Tropical Air Masses j15Aua£ 1$£ IjAA AJAijj -T 

jLS'^Lj 4—b> ^(j)b^ <.<w> lb5 ^ 4__rMi4^ ,j LS^^w)<bbJ ^ ^j4b*J^^ 4^>jb 

J 4_^oj 45^ ^gU4jl^.ijb . lb IJL-mjjj ^L>bu j 6jj*Lb ^bbu j (^JJLJfc j j ^mj4Ij4j) 

.CJo&i ^ ( V i b ^ 0) b ^j4^ ^4Jb 

:c*-jjb$ L#ljb (E) 4_. Equatorial Air Massesjl5AjJd>A«AS ljA4 AlAjjp -i 

^4»j4.7 —«.i»ij b CclJboi 4bti4S* j^-Cib ^ jjbb ^4b ^ * J ^j&j4^o 45* ^b-k ^jl^Li ^£jlS*4j>jbb 

. Cw w* i » ^«u YV ^£4b->Jj ^£4bl^j4«& ^*oj4b ^4b 4«*o^4b 

x A) (jruJjJ ASj^ JiAJlJ jLSA^jIjAA AJ4J §b ^2 AJ 

^4^6jL>j4^ cCu/j: l*L& (in) 4_. rMaritimejI^Lubj^ AufjAA AlAjjp 

.^ir^ujb 


n* 










L^Jb (c> a_, :Continental (jI^LluLSLuj) jL£^L-uJj 4S 4-ulj4& *U4 j jj -Y 

• ^Jj&£j&a+i&l bj\>jA*uJ J ^ jb C<w*J^S*6i 

a__* ^Ija-Jb a_la«jj^j &jhj-j> ^a^^ C*« * b~ ^ '■< ^ ^a^_Lt ^boajj ja_..^aj 

. (A — A ^ajwta*> ). fc^a.oa^.j bj> a^b^^a.*^ 

(*Jb ) a_$LojaS" ^a-jljajb <blaup : (mE) jl^^Uxw 4-U0j*U4S AuljAA 4J4Jjp 

j jLS"Lj6j ^a_>jb (a_L ^ * ~ *) ^6ja—oai" ^a_>jb aSbj_> 6jl-CL-£ jjj VV) 

b<u<u_^jb ^»ab • aS**^fL> lwL*b —i ^6^b ^ b-5^^ j*«Ja,&aj ^jb*6^bjS* ^ a*jlS^a*jb-^^b 

.^/ r i/ ^ *&»&}> 

. t> jlju-^ j ^ja_f ^a-J Ijajb jl)aj]j : (mT) jLSd-jJASJ^ ^Lubjd^ 4uljA& AldJjp -Y 
a__»6^aJ lS*bj&^) a_I a^j^> s j I A» w^ cCwj& ^ ^.u Y £-^£a^*jjj ^aS^aj ^*o^a^ ^£a,b 

^1—cw .^«LJL<J& ^b-»j6j ^ L ^aJjau ^bj6j ^^ja^ ^jlS^a^^a^Jj^ a^>^b 

.(|t^ /j*lj^ W)aulfo Ijubj ^jJ> 

ja_f ^a_jallaup : (CT ) ji£^Lu^l^ ( dxiJliLtuj )^LuJj4S ^LuljAA -Y 

a_J ^a^6^b^>ja^ a.Sb^ > aS\ mj ^S*a^ja* ^^b . V £• a_> LS"& ^ ^a 1 * i aS\ mj 

6ja-JCLi6i j*a5" l-bbj i^J*** 1 *• bJIJu*ijj ^LujIj 6jb j bjjd£ ^jbbu cfJftj ta_)DjaJI5*ajja5* 

.(^SSjf\\J \ \) aj JLoai" Jj 


^ “n 









^jlS*l«L oIj j d-’^Lfl-w-v ( ^ A) 


LT’b'aJjb 

LSji^ 

cs- 0 -)^ lS^ 

J (^ijb*/ ^ptUU+tJ 

Lo-t-fc 

ajiUjJ 


(r^ ‘r^> 

O) 




V - V 

•0 

iV 

jjj ojLjjj 

cA 


V-C ♦ 

U 

U- 

j 

l 

cP 

^j<U4»-o4> 

V-0 • 

M 

i 

j ImL*-mi <• ij Lw 

mP 

^jLjO 

ro-r ♦ 


V i 

(ii-Cwj 

cT 

LT^ 

ro-r ♦ 

w 

Vi 


mT 

LS^ #i 

v-‘ 


vv 

jlil^ jjj t j»J^ 

mE 

QA£ 


^a_L c &jIjCLJtj ijL-j : (mP)jl^^LjJj^yfcg^ AujUjd^ 4 uj1jA& 4)4j^j -i 

^4j^wlu tfL-I 4 j IT6 ^ J L-mJ bjD j . (^j*U ^)^j ImL*Lw) 

£> j i) b<LuL^jb |*^ -? 

■uIjo (^Ssl^J 1 

jiIjlw :(CP) jLS^j^u^A^ ( ^LuL&uj) AuJjAS AuJljAA AJAjjj -0 

a_jjai" .mi1^6^1j aS^*£jj C(l?^ ^ ^ l-Ltb-J i^£dS*j 

^ } i) jJ-J i l«L_)Lw) ^jj-J> . I b j LdJftj 4 jIS* 6 ijL* 

•<r^/ r l/ 






















. A< ^ j jjj j - jl_ - jjj :(cA) jLS<US4}47 <q4j ^L-uIjAA kJdjjj -*\ 

a^biM*'J jjj & J ^ ^ _ (^a^^^jJj j-> ^ I ^ IwLtb —> J^J^S 6ijLM,jjj 

j C*—j jJuob ^£jj-J> *L_tJj Itw* ijS*b j.^ 4_1 jL Jajb aS* ^a5*!jajb ^ijL mj 

iLm— wo ajb <£^^33 b b —**j b £^3 l—>j^-w • (|t—S\S* /IIj—S* * j \ )^^S\m>jj <o IS*d ^ l-b Lu 

. ( S * — A * ) ^-> 15* bjA ^t M *0 <Aj> 

^LL-mjjL <iJS-LJajb *L_S* CC<^SjS*0 iLj 0^**0 Ijajb ^CImjjL jj jJ ^LoJjb J^Jjajb 

ib-j (W) ^LbJb .jLSjjjj ja_t*iaJ ^jj-j j\ 5 nJLj> j jJ> £33j aj C* 1 *SjjO jlS*a^j|jajb 

ja«_) l jpj^o^j Cc-^ljjJ ^S*a»jjj^ j tww» > ^jaS* aS*lja»& jb aS* ci-w>IS* <W< U ^b ^ 

aj) (k) ^LbJb Ubfijjajb .cTW j mTW doj cO ljj& » ^a^wwLllw) ^bjAj aS L> 
^a«—>jjj ja_^a_> a_£* cJLjIS* ijl_~~ ^ a»>aJL*»jL> j-j c * <£b ~ • l—j (kalt LoJa__) ^£a_^j 
jij^j juoa_S* ^S* ^ i^ ■ ■ *■* ‘*‘ i sl_S* a->a.T— *'j b j<u cCjIjjO ljuo jaS* cJa^^ i I j b 

. mPKj cPK oljjfii ^6j<u>aS* ^a^>jb 

a S"ljajb aJL_MjjL> jjjL_& j*L_£*aS v >^b ^ il— > j (S) ^L-bjJb 6 ja «t> > jS£> £33j *L_I 

ajL-M.ijL> i (U) (^LjJjb Ub6jjajb 6j .mTWs ^ cTVVs c(stablG)ji^j^\^^> 

.mPKu jcPKu Jdj (unstable )^l>b^ljajb 

: jj JuAjI: 

Cu6 i C6jlj L-«j> 15^ju.j jajb aJIS^6 i j IS^ a5^ IS*a^o l^ajb abaj^j 

j<L-> ^a_5*a_) .jlS*a_>ljajb a_Ia»)^j ^ja^^^jjlS* a»i i^^> 

j ta<LJaS* ^j^S*L j Ljru^M.i dJfij ^_>6i j^-SL»jlS* Ij^Ljb ajaujj jj-a> dJ^u aj aS* ^ajl>jb 
a_i aS* ^ajl>jb ^a»» ijb^/ ^l^a^ aJa-^j aS* ^jja,^^oaj> ^jjaS* 

(^ £jj^3 a_I aS* Lw^b ^ji^-tiib ^jlS*a^>^b c£J&^ ^a^^j^lS* ^jlS*a«w)l^ajb aSa^aJ 33 ^ 










^lj*LJb 1 -LJm.O Lwmjj (^jjftj J C*wU& i jl«CL*Ii ^Aj^S ^IjAJb aJ^UjJ ^jL>jji l-U->jL& 

>6 i ^£AjL>jIj ^Jj-i 

1 Jj L **'j *L_1 L^.* 1 1^6^ L> , 5 i ^<sL—L> cfJd^ C<w *»5 ^»w>A_) aJT 

^ijL -mi ^lj*LJb cL-I^UjJ C 6j L>4-J C*wu6 i (iXrflij ^IjAJfc aJ<AjJP ^jl>j!j,S 

jLkAj ^ JjIj l^JJ^-5 ^ t bjdu ^L»j6j ^ jl-CLcU 

A_1 (J^SL-Cuj j |»j<^ ^JJ&J l£^P£jP c (^jljj-^ ^JjjJoj*^ 

• b^bj^dS ^LLj ^ ^»j 4^ ^IjAJfc aJajJj Ja5*aJ UbfcjjAJb cIjjl»jL& 





jLS^lyljAA djAJ J <0<U jj 






: jl^LuljaA djAJ 

jji jIj-^j ^6j6jcL-^L^> ^^Lj>jb (Fronts) ^^jlja—k 6 j4j ^Au/Llu 

S . b^ ^ **' ^ ^£*L_b aj l-L-> Lo LS^fiU Jj^LC <iLw> Lj aj b j 1^ 1—*■> ^ Ij^LJb 

^^■^ab a __> cCwui ^ (j*S* ^ * * — 0 * ) b ab b ba»S* <Lo Lj b^-? ^ b b IS* <Lu l^a^k 

• Co j+Mm/Sb 5 jb ^5b-L*-& a*i ^gLwb>^U 

is *bj L&a __1 a_i pi-i^s*& ^ bj> ^ 1 [jbS* bb*a«w» i^aj^ tj^j 

^LS^fi jj£U^LLs_> aj 6j*L_t l^JJJ * b^ J j^mj*Lj<aJL j ^oja_S* ^ajj ^^j^L-^jb *L_t lilj^LJbjjb 
a_^£ jhj»J> ^£jjka_) (, j \^ 1 * > &^b*jJj a_) j ^b 6j^—^ J ■* 1 6j4^;;ij_)S j 

J—’ \ * * /\ ^4_5bjJj ^a_S*a_t ^j-bJ C a_t| - Lba,S*ab ^a > 6 jL-i j4j jJ j j^!j4Jb 

.c^o Y ♦ ♦/> 

^S~*~£ <£j"i^ jb> j —1 j-J>^ru ^ISbb a_j a»b jU> ^a^S"a_t jb*a^j|jajb fij*U 
^Jli'blj aJ dbjjj-btjS" l^jS ^a^aS* ^ (Bergen School of Meteorology) 

jjHu (6ja*_t) ^^Lj> C>a5*a*j ^j 1 ^ *> ^6^bo ab C i^S*6 i bj bbjlS* l jp)dS' ^^-OjL> 

J\£> a__i 1 ^JJJ^—’JJJ l-L-»b-j bjjja_Dab b^bj—a_S* fijjjbk 6ja_t ^jbj4_uj ^jba_b 

^Lw>b ^ <m*)A 3 a *** a_> >*ba«_t c* * >6 ^ ^j|^a»& ^blj^Sb-* aj C b^^J^^Jb $ 

* jbb> 

^ J-> dSsm^Lm*—' jA*++)A*} 4j i ^ 

bb»6jj^J" j> b^^l&j4_. aib(.(Forecasting Weather) ^ 

6ja^ bllw^j . bj^jb&b j (LL-m-^j) ^Jjijjbj ^>JijjL-> ^-jo(^ jbiaJ 










j jOO ^j—jDj ^^>JijjLj 4_) ^4-tL 45* ^4 j!j4J CjjI^ cwb ^SsJ4> jIS*4-o!j4Jb 

IS**L-*-> 1^ bjA*-) t,AK A > i ^jlS^A^J ^Zj^jbj b (^oLmW>^J) L> 

6^4 *_) • bjjd^ ^ j^4—i ^ oU^ 1 (^£jjJkA»ww)6 i AS* b^d*£j^jbj Aj {jaS b 5 CmO^- , A*j 

^4j^wlu 4_1 Aj IS* Sj 4»*oJj d jtULu j JjC L ^o^muaw^ ^j l ^ bj^uj b Lj » aJ ^jlS*4«w»!^4Jk 

^ 15*A»*_t 1^ bjA*-> Ij^ S t rn *} aJ jdM^mJ ^»Jj ^jryJ-MjjjjC Lj Cc^-cwl^fi^Lj 

.I-U^jj6j ^J^jjb aJ 6jj^ cr’Ui^ 


(^-^cJirf-y-J!) (jlS*4_*Jjjj 4_wtlj4Jb &j4_) ^LoJjfc (^ -A) 

^ miAS* IS*A *,>» > A»t ^A_mj aJ IS*A _<_) l^jA^ 6^A«_t ^jl^l^L«J> dj^Mi i |»A*j C6^A*jlS*fii 

6^4—i C 6^g4—L*4^>j L*J> AjI^jj^j 


A i 

A 

L 

L^P JkjlLLU SUJ f^IU fr^tiu -1 

(j l^ftnfljftjf ftjg |J(U& ffjfpg - J 

jp i <j “> Lr > rjwjijtu * -i 


A 


i A 

A 





f * 

▼ 


rjii Wa t 1 - .'i> j-*jj| 


oJJ—? Jj—?■ 0^" J — 

♦ OftS* bj^jj 

K jb j4j : ^jLu i^djAJ 

(Cold FrontS)ijl__ 


^ lj A ft 4 1 a»iJ^j ^Ij6j4 ■>.*' 



.4_jljbjjj ^jj^L J j^S*L> ^L; J6 jL> 

6jA^ojA 5* ^IjiLJb 4_> JLj iji—t^ ^IjcL-ft (iCjulS* 

ij ^ * ji ^4_> ^ ^ ■ 1 >^S*6 • ^J- - 1 ^ 1 - * 1 5 ^ 

Jj—i fc^Aj^ofi i JJ^ aS*A-j3jA 5* IjA-ft cCwuD i Cwjjj » 


(J (jljL> ^ ^jj^L-ft) OJJ-* 0 L^JJ <iL -^ J 6 J 6 j4—^ 


-u jji j^j4 _SaJaS* 
































djdJ j AUjp 




.(Y A ^ 0 ^3h I ^ ^jJ <w^ lS^ 6 ^ ^Ul 


♦ ^jLu j AiOU ^ 

. (A — ^ i LoJL fe £fUcU (^^ Sj bj ^ 3 ^^ <S\Jb JJ I^J6 J I^±J!+)J^>1*++I 1 1 

ljuL->jL jjj 4_t c jlS*a_j ^J3jjbj ojj (^bj<CL3L-j) \jLjjjj ^b j—u a i /<^ 

. (Y* — A A **ojj <—i^-mj (^£ JijJ^ ^33*^ ^ l£ ^ I j L 

*L_» ^j*L^o dJ*U Jjlj )^ * * / ^ ^3*3 3 *3*^*$ j-^ L$3?P 6 J^ <S333 /^ 

£L_S*Q^JjJ«cU lj jJ^O \ * * J^o i j^u J 

^J^&^JwOD i L I ^4^ 6 Lw bj^U J^Uj^J fij4^MjjJ^J ^W> ^ I ^ ^Jb 3mJ IS*6 «L^J 1^ 

Oj^ J J jl*lS* (jjjJImj^Lj) jLj j aJaS ^33* 3 > 

. ^j^.S*o C w jj ^ U IjjLwIa^^-I jj IS*i ij Lwj b j&j <• o.jj Ufi i 



Lp _l[_l_kUi7_d tf jJ*Lj_3, ^Itsy pj- 




















. OlS"fi i ^jbj*ZZ-> IS 'IT C ^jl^1 ^SnJ-j 4j ^jLmj ^1 jajb / i 

Sj^&S' ^^UDaj L$"a^„iJJajj <LoL j a5"fiijL.u a«wtlj4Jfc bj^j 

d*j (.£*Jjj£b$ 

(^£jj-&a ^_> !jpjd^^Q L ^u ^ 0 a_) bo^^^" ^jlS"a^_b ^ b jj^wUj a __) I i / I 

^£j—& 4_X-u6i j ba5"&ijb<MJ 6j ^—> C* *V» i I (jij-J>j& i) ^1 j) ^ > JL-» ^b 

. o IS" &j^j jLijli' ^^jl>jb jaJ bojaS" ^l^ab 

aj ^aS"aJ^Jjb 6 j <.jlS"6ijl—^ a_*j|jajb 4j OlS"&i ibj b ^Jjjj /o 

.c^jfi i l-Liljbjjj Jj^S"b J Jj^b jl^lj 

^^Jb4— i l^ajb i bj ^a^aj !^a«& ^jL*-mj 4-» ab ^S" w» ^Jb I £ 

• b^^mJ^b^ ^»jaS" ^l^a,& aS" ijb-u ^L>6 wLi^-» 

•OtlLu ^bja^o j jLe^b ^fij^jjjj JLoL^i /i 

j»AJ ^JLl^Ij ^Aibj AJ j*A 5 ^jl^4<fti if AJ jA^4l jL5d^jLu d)AJ 

:luj^ dj4Jhjb4 

Cw^aj* ^a^a^I_b aj (Isotherms) jLuS"a_» ^LojaJ* ^IS^all* ^jajj^j dby dll) /1 

. I i Lojai" 15"aJu aj ^j ^Sbo IjjS" j^j Jj *U6 j bo b j I^Sbo 

^jLS"a^_b-& a_I ^<,1 ^6^a*j bo a^j> c l^a_& ^jb—^a^j ^L&a_iaJ ^-*—* [jjf^/ 

. baS"ojU 6jaj ^a^-jbaJ ^ISbd (Isobars) jL*S"a_» ^b^a^ 

b » ^ai^LwJjb a5"bdwLi^-) cbbdwL*^-) ^a^ m 1^ baj dj^a5' c £^s£ / ^ 

. b ijbj ^6jau ^ajiculjb Ja5"aj ^j^Luj j ^jbjJj ^j^S"l j j 

) ^ A 





jLSOyljAA djAJ J <U<U jj 




^ ,V. A ? ,,, Ij 1 t C 4 S*^ L* ^j\jJj^ 4j ji cJ^^LwCCCw i^j / ^ 

ccicl> 6 i L> jL l^bjjjj 

• b'-oij ^jj^b j&j4o fij^CCoO jj4J& liJ*U4 -CCLCu &j*b**UoJj ^jLLmj<sU ^£j<Cu*Lmj i 

. li^Ojb*/ 6 j4j ^OjCu J*bbJ 4-tbjl& jljb <> _£*-)jb ^*L>jb /■£ 

j*.<jo j<l_» : ,*j4-S _ Y 

a_|jup ^boy_* (Warm Front) 

j_> jj-^b jLj jJ>jl> ^ ^b 4 -* 

>b b^ \SJ~2 '**'L* 

^ ^A\a^ 6 ^l i ■*■** IjA i ft 

^J^LJ Co^jD j^j ^b j OljjO 

{£ b^-^ tj»Jo ^£4j^jb 

b ijbuj (^b^ i JJ^ 

b^-S*4^0j45* c£^-^jb“^ ^£4^>jb jljL> C^jO 

. (i“ A ^jbjl£) Cojbfc i 

: j^L$<U £j4j ^L£4J4^uy <U 

. ( \ - A ^6 jl£) Co^S* 6 i bbCfc JJ-^ 4 j j I^S* cSbfc J j I5bi> j ^<0j b 6 j-C Aj — ^ 

tfLb-wOtfLfe (^£j-<-mj 4.J b ^wm- i ^6^-0 *Co b $ b j&j ~ Y 

. (V* - A ^OjC-ta«) i j^c u CiCL 

<iJ^O j*J-> ^-*b ) 4«w*J 6 ij-b jjkmA \ * * / \ ^o bj&j ~ Y* 

cJ*L-i&iljb ^*L_j ^ol^iL-jiLt 6j (^^jj—^b * * j*Lfc j£j 4j ^j4-o 


















jS*—> i^4_& ^ Sj L-mj ^Ij4_& j^ui4j 6^ ^lLj 4j 4b> j I^LwIo b Ii4 ^^mj 

^4-tjb cC^Li&i 4^ jjjdSdJdS j J^> t$> <iJ6j C<wuO C-Wjjji (jjjJImj^j b) ^jS^J 

• (i ~A ,Jb Jl£) jJji ^^jbo j* J ^ OU^ 

* 6 6 j*J^J (^-J> ~~ ^ 

ij^y ^jju&jj *lj jij^^ ^uj Awuj 

:dd$ ubdJjjj 

4^* ^b ^-> Loj4^ ^jIS*41«j ~ ^ 

.45*<L>j b 


. 4-tl^jbijJjj ^jj-^ib Jjj jij^Iib 4^* -Gfi^Lwobo ^ <iJj-«j ^S*4-t b V 


. ^Zij^Jbj ^Jjj^Jibj ^£jjJb4j ^J»y m A*J 4.JL ^Ub4j t* 


6j cblj4-Jb4j jU ^^oJiLJfc ^bjJjj ^jjib-tj ^JJb4_i cru_*j 0 ^jjj_i <w^l — £■ 

lijA 0^ Jj 

bjjd^-ib j4«_) ^ CXJuft i U.faUjji ^-5" A^OjdS (5J^—» ^£^J>jb J^—MJ^J j ^—> j^ 5 —’ ^£jj4Jb — C 

.j-»jb jljb ( Jj^4IIjO 

j»4J ^LL^jU 4J A-Hjjb 4 j£A£ jAwA) £)U^ 

:uij^ dj4Jhjb4 


^^yy j l^j b <»0.03 i ^J^mUJ 4 ^b J&j ^4^ ti 1^ b J 4 S* J^++> b ^b l^j b — ^ 

^£^4«& 4^* ^£&^j4 „> Jjj 4_>6^ bob c &£'b ijLwj bj^j ^ 6^ 4jji^jjj^ i Aj Cw^ ' S » ujj^j 4^b 

• L<o jjb ^Jb i^b^i ^bj^j 









6^4-«wwi6 ^ j— *)I ^L_& j Jj j ^bj&—> jj/d^ ^.*.*—> J cJ^U^LwwwJbw* Y 

. A*mA Jj lw^4-l )^-Mj ^^-Mj^-l 

^6j-o ai* cJu<o C^jji dlplS' (Occluded Front) ^ jau :(dj4JdjJ )jJ (pj^J -Y 
aj^j c ad^a^^a^ bj^j aJ 6a^fi^L*^ bj^j ^b^^j ^a^aJ L> ^£6^aj aj ijLwj 

ja») ^5 (0 — A ^b j^Jl | ) b^^mj^ b $ b^bj^mUi jjJ b^^m^mib 5 JJ*L> l^a»& 

j CUjJ-Ss^j jj^Jb j bjbj\j-> aJ ijL-Mj ^1 ja_jb j C*JL>6i fij^ja^^aJ ^Ijajb aja^iUjjb 

^jM—yu^jg Lj Ja^aJ Ow-i6i CLMjjji j —i ^bjd^bj .olidijjj 6ja.ulS^6jJj> j^oajb *a 

ad ^bj^j a*jJjj o 

. a^J ^jjjj bj^ojj jLw^a-) jL» 

: j4jLo<\j jj ^LSaUJ-UaUJ aUjLi A) 

(^ - A ,j6jldi).Cu6i LwJb <iJa*j ^Ij^au IIji j aJjL &au - ^ 

bjd^ ^JL^- J^j d ^bj^j 6^a«wo5 i 6 ja^ojj Lwd. i a»> ^£^a^ja.^ aJ — Y 

I*j^L-f ^6jau IJbidJLlJL.»a^d'auau ^U-aJ .(f -A^o^1^) ba^auojaJ* 6jau Ja^aJ aS'ojL* 

* L?^ajdj ^ (jdd-OjL*! ^bj^j j OaVajbjJjj L» jbj^j 
































. liLo^jlS*ab aJ JaS*aJ ajl«\Ja^*ab LwO L*o 6^j Li V* 

^J*L_ob 4_i C a_jajb jj^a»_) j jJJ ^ojLj jljL bj-o ^6 j4j ^jjjj C^jji Ja5*aJ “ £, 

(cAJ^L-S") ^.7.^4—j_» a _ 16 J Lo b J_j ^ 6 j*L_> l&&jj*LJb . I-L^oJj aj j_» ^^jlS'aJ 

^jrui— mjJjE 4j ^oL-& ^jLoj5* j-j 4_»6jLob U^6jj4-Jb C^j-J ^jryL*/jjC aj jb 

*L*A %0 

^1 ja_* j6yL_> CoJiibu dLpli' (Stationary Front)^^!^ jJu -t 

J ^ V *-**—* 7 ' j».J ^jb« 

a_ ilj 1 ■ ■ ^-C>i—a_»aib 

ijbjLZj) dSbjdu jjijiLfc ^j*^fjj>aJ 

b 4>JijjL j*aj auJul jaJ . (l-A 
a_J cCXIj ^Ijfiija^ tibjjj JuJl> 

^Ija_a> ja ^4*au <■**„ s SjA .,, 

u> & a 7^1 >au j bjL_M« 



6ja_» a_$* ^aua_>jb ja^ jboa_2b ja_^aJ jljb jL*>b j Jj^jLloLo ^jj^> ^jjajb 

^i-<-yM-ja^^ajaj ^ ^ **< ^ ^jl^b ^jj »bj Lw* j 6j Lo 

s j lju—^ a_Sl jajb L* ja_S"a_» <L<ML^ajo ij l—^ ^ja_S*aJ j I J. *—£■ ^^0 ja«_S^ ^!^a_& aj*ujp 

^jIjLj j 6j a^JCL i jja^ a_S" jL>b a5* ^oj^S Ijajs bfiAj^j ^jil-^Sb^aj 

a*j |»*^fa_» c I^jrb\.*o> ^iSb^-jb aj ^ O^-uO j»l^6i^a«» ( j^j^b 

. (j^^a^aJ) ood ^ j»aS" ^ ciJ^w a^aj lj b a_)L^ja_> ^Sbj^j ^bj& aj oojaj a^bi-G^j 




















L_> b jyj£j ^j4«_i^ jlS*4—w>!^4Jk 6^4—i i * jj ^jL-Sb^l* lJ 

6^4^L«J>j4 ta M,/4 to l 4»Ljkj L»4»& {J^mUjb^J (—jl>L> 6 JTuLmJjJJJ 4j 4^* ^jlSb^j4*j 

4—i Ow-i e*Jj4j ^4^*6 j4j jjJ^jji4^ ^6j4-I 4 *JL>Jj (jJLwOfcjji ^J-k • C^ub ij4«Jlj 
^£j4—I^JjJ> i^£bjj ^4—w w' j4»_) (j I ^4j2j>r— *.9 ^jL-» j I ^4.Ss-J m—*J ^- 0 jj 4 j) Ij^Lk bjj&j ^6^4jjijj^jji 
JJJJ ^15*4..*_>|j4 ta & 6j4_j (jlj—sJ ^^Jjlj4_j (Y-A) 6 jL—O j ^4JL^(—> .L»w— t+ i bjb » j (—Cwi 

.yjjJbj j4**i4J jL-» j4^jj 15" j ^Jj4jT4^»>Ij ^jjj 4j 6 j4jIS*0 


(J b j4j 


l$ 6 J^ 

j4j 

.1 

J 


r* 

f 4 ^ l/^ s 

Sjj^ ^JbjdjjyJSjj 

k>^ <>L>/ 

— 

— 



lj4Jfc ^jL-«j4j ^jljj^" 

J^j4^«4J 

j^j4»*y4j 


bJujJ 

jIS*4_»L jj 

— 

— 

Ijbjjj {Jjy*[>l jj-^tj 

b^jjj Jjj^Vjl^\ 

jl5*4_tL ^4 JLmjIjIj 

— 

— 

r•• / > 

\--l\ 

JJJ 

t£> tA> 

jj4JS> 4i*4J4i* 

£ry> t 

lt’JJ- 0 l^JJ^ 

jj4^ 

J^j4^«4J 

J>>^ 


JJ>^i 

jbb 

— 

— 

j^yXlfS'tc 

^o>-ii- /^ro 

L^bt^ 

J^j4^.w4J 

&jLfc4j 

o!/sf 

jl^4j 

j^k’ <_sA%0 *-z>S*Ai 


4jl5^4-w»lj4Jb b j&j ^j4jL-mj jl(Y - A) !^£d**-**^ 

























t j US djJAJb ^J^4£b}^ 

6j 4—CiJ_)6j ^Jo ^jJ$j[-> ^jbblj ^jJ&4j jlS**Lwtlj4J& 6 j4j ^O^Sbbu45* IS*4Xbjp 

j_» U>b ^^xlJjp lJu S* (.J.Bjerkens) j-JlS*^u LjIj ^^jcL-*-tb *l_i ^jljj-Jjb ^jj^lJ aJ 
^»^S *^ • (V — A ^6(j lS*^»«-<.Xjj-»6^ A^o^J j^-mj^.j^- 1 b ^jlS*^*—)|j£L& bj&j ^S*AX^S* 

\£ a < \jA . a a ^ 4j>^ b J i j bu ^ lj<AJb ^ Jww m ^ * 1 * * dS\£ <^j<^j J <*3lS*&-Lo C^O 


^ rf. ^ 




1 iSK 

/ j[a 

"7 z' 

^ frit 

1 


e 

C^. 

b— -t rsr^ f 




1 ^ 







^ A I 9 

fJTr^LEX-MN 1 Jf fW > *j ^ LJa_*j| i 1 !+-!>_» sj iu n^j'iy-Jft li’i'iJl'jjj'L^^Lijtj fV-A > 


^£-C>L-fj£j) J^Zm> ^jl^Jji 4»> ^4j>jb Aj jlwCbu 

I»j 4—S* j jj—*Iib j6j4_) iji —mj ^Ij4_k ^ J bLp 6 J^ Jb J*b**b .(I 

I ^^.<X>bjj3 ^>J ^ ^ ibj> ^jl £bjAo j^S*b j^J 

4_i CoJbJ ^j\j j Cwojb&4—i ^<L^*b&Jj^j Lj 6j*LJCU_Lo b 6-LJ&j<b jlbb (tX ^X-bjp) 

l.»Lo4 * » ..' ^X b—ijb? <L_I ^L_S* D *i*i 6 ^ b* *~>j->6 j ^ ojj ^JV <<igU^.Jb ^jgCu4 i 









































cii.*— <7<4j cii-<—) IS* ( i) C^lS^i I 4 SL 0 4j C ^' i ^ l-Lo&jl ^bj^j 

ci—«— 1 IT CwO^ ^ Uj ^^33^ ^Cxt-Jd ^ ^ ijj oU^ 1 -? b ^ ^»j4«S* 

^jpud^,c^j ^ (.&) l«L_*o«L^-I-w > ^mC- 4_I Cuj^.S* D ^ ^j Lmi' ^4_mi ^|^4Jb 

^ j > J~ > JTU?—Cjjg Lj ij^Lw. iL-S^ ^—<7 ^L£- [jjj U 5 ^ J 4Jb . <^w<3jj ^J\JLu J jJL gU 

^L_tJjj ^ Lj 6 ^^h.i*i' Jj-J b^^»Jj^S b $ ^jLluLj 6^5 cljul jL ^jIS*^»J l^ w' wwO lj Oww * 6 7 03y^3 

.(I) 6^q6^^j ^-C-Ij^- 3 d 1 j - w l' j U (^) j> 4 jIi ^x- Li 

j ^^-SsJ^ jlj-Ju 4-J 6 jj ^£6 J3^ i^^ji c \£fi J^i-Mjji 4 j |»4j 

^.Sjl ■■*.** ^^5s-^—lj—£>4 S*aJ^U jS* *lJ t I ^S*i» Loji ^^wwmu 

J_J ^4-SnJ_^> ^ Ij4_& <fL_l b ^ b $ J3** 1 L* ^bj^J ^£jA*hMmA 4j> 

IS* *L- *-i l^g bj^x ^ ^3^ mi'j^jS L C b ^ 33 6 ^ 333 M'' * * * »** i ^jIS*4j^jIj 

*l£J 6 J bjj ^S* ^jIS^JjIj Jjj jJj6wL^j4^0jL» 








jLS^lyljAA «>4J j <U<U jj 
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4ii 


«• Lo)l_J tJ-Js—£ 

CM 5 


(j 4 lo /iL-1—>— 9 
o J-*—9 I—a. jjX-% 


I _) I _Tt^a) 

4_1_ ^ 

4> <4_]*)L> 


6lA: 




4jjAA) jAj Lfciu jLSdjjAA jj 4jbb jAj 4SaJ() 1^) 

dAiA^jb 4 jL&4 (4jjAA) j4J 4$ IdjUwb 4U 4 jAjL£44 

^\$xl 4i jljU L frlu () 





















(jLj (J<^j£b) l5 L^ ^jL» j—> (jLj L5 bl4_fc) 6j4w ^JjlS ^jL 4 J jb ^JJ$ 
j J~~t ^\ jj-S' 6j .(Condens3tiori)6jiOj^jj--> 4_> C w ^js^ jb 

-(Deposition) ♦jj j _>blj4jb4j <l-» Cw^joj b (lce-Crystals)Jj-&4^, £i\i*u^ 

j ^j4_7i 4wlS*6 i L_> C jU ^oJ4-J&4j jjjj^Lj ^4b <0*15^6 i Ij 4J&45* Ob& ijj (ilwlS* 

Jjj Lj j-oLjj ^Jjb4_i w_L>6 ijb ^<j4Jb4j Ij4j 5> .CwO * * ^OjJj ^Ibu 

C l^4^_k ^boj4^ ^£4«b ^bjAj jb (^6jb j*J4-k4j) 1^4^ 

* jb J ^£6 j4ji^ ^4^ ^ 


^Lo4Jj ^iS^jb^S* Jj 4_t4jk ^£6jj4S* ^<lS*j j£ ^J^JJ^j> ^£jb^S* 

^jbS*6jjjJ> ^jLcub ^ jj4Jb j-*° j-A&J ^ ^^4^ 4j IS*6 JJ^JJ Ijm^> 4.ojb 6ijbi 

4JO^ 6jIjL-£/ 4-J 4-t4J& • 6 jj4j j jJ4j j jljb Ji>j J->jbb 

o4^t j»j4_S*_j I^4_k4bj4j J£j ^-O^S*ibj ^ > _£j-k4 - <w6 i ^ 6^6^b 

lUm_»j^j ^ irub j (^j6j j4»mj 4J djj ^5 sj4-mjjU& ^blJb £*+*>& ^4j4J C*1jO ^5b^S* 

. Ijjjb 4j4Jb ^ JjJj> U&6^j4Jb C^j ^jIS*4*j ^Zt^Jbj 6jb^S* JjJ 

^bjjj 

Cw-I^L^Swj jLS*&jlS* 4_I L^j4w 4_S* l-L-S*b ^^uljajb 4 J 6 j 4 jjjj^> ^jb 

j jjj 4^jiL> j 4 JL : .. ^> ^ j ^$j —* ^j4j 

4_^4j Ij<aJ . /o\ * * Jj_> bjA^AmAmjj 4j ^*7* * *bjjj ^1 b^Jb C 6^ l^*^f (jr * ^ ^JJJ {£j^'^ 

• (/o * _ ^ ^J b jA*m**JjjA*J ^Jbjjj ^jm bmZt JjJ 4^ 4*J l iJj»J)J^ ^^4^fi^4jJ| 

jLj j4_f 4J (4_»4J) Jj4_( ^iUfijLoj 4, 7 .>.4 < m i ^w L«w J Cwjjj^ jb cjJ4^j4>j^ ^£bjA*j ^jj 

^LSbl 6jbb 6j cjw jL. ^>libu 6 j4^Cj j j*>jl-> cfJ^w J (Water Molecules) 









L&6jja_& Cjj^Sn*jL*o ciJa_> ^6 jiO* a_) jab&i C-wjjji <iJjjJ>u ^Sb-ta-tjbi jb ^ijab LkaJj^bj 

• jjjj ^jLm^ O ^jb ^jb^ftijab* ^ bjjj ftjboj ^ybb! bj^Sy-) ^jab \j 

* , ^ bjy a_$*auaujbi ^ (^j.^-) JjaJj^o ^Sb OjbaJ ^L_jISsj jb ajjbi tCL+uj^L> 

* .*• du Jb-* CX^ i gL—fc ij^J * fe a.b* L>o«L>J ^ ba__)b" ^a_b C ^L_>jj^5b>bo 

Jj—> UI^-> »ab jb adiab ab bjj^*-*° 1^6 i^aj Lb b b lb 0 i^ab 

dJa^jab a*b ^a^ibjab Jabab i^jlja^ ^ ^b ^jlbfcijab ^£6jjab ^S*a*jfijboj ^-dLwb^b 

*d^> 


a»b ‘ ~*b ‘' 1 ^ db^J>s—> jjjj ^£6ib^o ^ ^JS>> ab d jj ^ ^Lo dJ b ab tjrUwO b l_j b ^*ba»> 

c/jLj a_* 6^1j—*^b a^b *U6j*U C ^ dbjjjj dja^> J£j ^jlbl^a»&ab 

a^ dJj>>^-. jfiiiLo aJ a_jL^> 6 j^jj*>> ^jL. . (Condensation nuclei) 

4-J JLoab ^jjbjjj ^ Obfiijjj J Cb .b J dTO lj (^j^jjj^i ^Ijajb ^^jlbojab 

L» a_itJjj L^m) Lb5 ^ ^nil'ab b»M^ i ^b ^ ^5 b a*jJ^b^ I iabj b ^aj ^ ab . /o ^ * * 

. abjdd b ^b 5 bo ab ^ab jjj ybjjj jSblaj c au ^ jy^ ^jlIjaj aj jljb 


1 ^»—»jb-» b&&jj4_& C6jb— mj6j ^-oJa-jb ^jjj__» ja-^aJ b 

♦ djaj^ c b^^m^mm^jj^ Idjj^&^aj aS^6^b ^^oba^ ab^ a^^^b^b 


c 6 ja_bL>D i j_> l«L-»jj 6 i ^_> jbj ^^.Jajb i j£jj&lj i^gb 5 bo ajboab « — ^ 

^5 Lb a«_tl5*&i 6^a_ilS^bj6i ^jb-» ^a_SLjj a_I ab^ ^b ^^jb dJ&^ 

^ij^)b blj^Ljbib dJjjj*_ 1 (^jLb a_jjbi jb^bj6i ^Jja^ ab^ ^jb* . Ij^u&aSjiU 

aJ I j^*> Ijbajb a_> a_$^^ Cd —od ^ ^ba^a.) ab*b ^Cbufi ^ i^baj^aj I 

b*. uwjO ^bj Idjb'b^di j&*m ^b j\j C b $ 

obajb j jLd^bblj a_» 6jajj^jj-j> ^1 ^b> ^tb ^b^ja^bb IjLbj dJ*bL> ^^15 jLj a-» 








cOlbfti 4_b4b \jujjb i 4 J jb <iJ4->4^jJi j OliOjjj 4_tJj ^jb 


. %> 


dJ Cwj 


<^jb ^6jl^rb ^^pjl^SLj j 4b*6jb 4_jJ_b ^j^jpij-**> bjb b \$j> ^6j4j1jj 

^&j4jjjjb c^4b&jb4j ^j^jibj 4 j olbo »4b bajb 4jjlb ls*^ &j c(Solution) 

cr’JJ—-( 6 jJj) 4 —^&jjb ljjlb<bj^-_> 4 _jpb a_I (^jj—f^rbsl^) 


4_)Jj l *(j^^—’ ^jbi^4 _> 4_il^O (C-^^Jj^J) bjd^S" 4j bjL 

4-J ^£b j4j dJftj 6jJ jLb Hb&jjb 4j£.b 4 J jb ^lb& ij4b jjj ^J4J&4 j jb ft j4jjjjL> 

j 4—MJiJ a )4Jb jb^j6jJiL-S" ^5* 4 ) b I IjJ jlbbjjJ*—* iL-jjJi J Lb b CiUljjlSbbJjJ>!_> ^L-JjJi 

> j) IS* 4bjijJ>?—i j j_b 4^jJi b <Sj3^ ^ b -?b (^- , bfiij4b ^jbbblj 

.jlbajj-b* 4j£b b dJi>j jpbo <L4b 


^fijLf^b ^ mi^j i^j—> Cj^_t cfJ&j 4_t4-k (6 j4jj^j CXw .' b) ^bjb 

<L_> jfiifii lbbj 4_S" blj4_fc b jlI^J^4Jb ^6 jL» 4J ^6j ^iib ^Uf J Jb 3* 

•jbjjfti b jb ^6j4jj^jjb 


I ^ L j) LtJLbi^4»b 4 ^sj^-J> 5 jj Lj I«Lj b*L o b Lo 4j>^j b b jjp ^^3 b 


Lfi^j4,Jb C I^^J&4bj4»j j£_j 6^4^_)4bfi ijj4*j ^b (jj^*^33j) ^-*b ^.bb^j 3 t4b*^fL> 

^6 » bo ^ppwO b4 j Ljb b pjj L^^” 1 ( - £" ) ^ <5 4j4Jb jj b^»J^5^ ^p - o L4 j Lj^j 

i ^ 6^4>jbj^ 1 * 1*1 ^^oL^ 4^_) ^_I -? ^ * 1^4^jb*j4u jp 

4«_>jb ^ Ij4_^ 4_J 4_^j b D j^-J> ^»4^) 4_)^j . j) LS"L—>^4 j d jtuj) ^ j) 1 *’ <«<j I ^ ^ *.*0JpJp 

. iU4Jb l<4jlS*d^j4b a j Lb ^ L 4JJ Lj ^lu 


♦ j V 4 J 6^rp iL_)JJb <iJjjj>!_; jL CajljL> 6 j4j jjJj-> L45j b jI j4J 

^£^jL> ^C-Ji ^ jj^^^jb^o Y — * j V j)l^-«-)4L ^6 6 wLj6^LwO bo C 6 j\^o4^ b3v^^b° 








i liljajb aj ^^5jb .6^jbj V aj b 

bj .CwJfi i Ijajb aj ( |t-^ /<iJjb \ * * * * ) ^a5b»Jj ^^JjjSbjLo ciJcU 6^ru jb ^fcjboj a_tjj 

. <iJ jjJ>u J b aJ lid j4jjjj^> aJ 6L> bj 


^jbj—S':Deposition Nuclei (djLJ ) jjji-^blj4A4J ^SjLJ -Y 

\jb ^L-> ^JJ—L) <U4 1 ^ Jj—> ^b-» 

ciJ*^f b> j^Jjj ad* . I J^Sj^jbj aj 4-»4Jfe i GGa^ob ^^_jb aj j»u 1 ^ A^y. i lj 

. adj^a *mj ajl * »<> 1 jd ^jji^—’ O-6j) * /I' ^L-S* Ci^rytjJL-i A G* b ad” ^jajI^^U db^J 

j-i c s-^ojjj Jjjj^J L>S'^_j j ^jj- 9 ^lyLS" ^J-J<u>j Or’ii-' c^b'“’ ^- > -j‘‘J s> 
^aS* bljajbaJ a_>ajI j^l! jjj^bljaj&*u ^j\j aS* a^^uoaG jiUaJ colifti jjj^bljajbau 

^jb AjjJi jjAj 5> ^b'ajl^w ^<Ujjj 4 j£ 

a_S* ^5bw>PI.i 1 b a^jJpJi ^JaS*aJ I«Ajji^> bl^ajbaj jj\j aJ 1* * ^ »oad* 

Q^JjbJu&j) ^Ijd^aj CwLL-m.< 6JJajb ad* cCGGLmj^UoJGj ^L^Lj (jUg^V^J) jjjljb ^jlS*6jb^S* 
U c jjj ^boja_S* ^alj ^jj J ^djb ^oj45nJCmj 6 i Jj bjj*u& ad obo 

^ ■**'^ ') .La >jLo ljl_> ^ GGLdb S j^a^d* ^£A*^bj bad ^ S^aG«..*.» jJpS* t^j^b i<£L_l jb b^fi ijA^” 


.(|»4jO 


jbjLcu ^jU -uL-wo^ub :Freezing Nuclei (djlj 4ltw4J) -Y 


^1 jbjj^S ^^j\j\^ jb jL> 6ibo (iiGjjajb .CGL>4 j ctUmj4j ^jb GlLu<Ljb 

ijjlj^ ^L-> ^JjjiLj ^S^Jwl^bb id jb ^JLyu4j 4 j obfti J dbw^J ^jb^ 

.6jIjL> 6^jb du^aj ^aL <ujj c^^^Ssl^jb 









^S'a—iaJL> a«J mjAj > AjJ^Ji) jL j^J bj^&£ ^Jbj\j^3 ^jji^jAj 

ij^JJ-i lP^ ^ C6 J Lj^JJ-i (Jj-® 5 ^ c£ i<Uu lSj^ ^ 

— *L_jlSb ^Oj*L_£” ^ajj a_tAjljaJ lja_j j15"jL-mj ^jb AjjJi ^jA^jb Aj (iJjjj>u ^jb ajjJi 

a_I jbj a_jjJi Ijajb (I^LtL^b ^jbaJ) ^jAj&^Lc- a»jj£j . oljjjjj GwiAj ^bj^j aj j £. * 
aJ—tj ^jLj *L_jj^J.SAj C*-j^ jaijb a^ cCo £b ij>aj 6jaJ ^jLt JLqaS jb ^ V * <S^i. 

^ jaJ* ^a^aJu aJ jl^o jjaJ* A_rp:> *Vaj (.Supercooled Droplets (<oj>il Jjb) jb* 

. (j lS^6^) Lmj a^jaujj^au Cfl-Mja^^»o i 0 — jJJ-mj) li 

a_j ^_jjj ♦ ( jlLa-j jji j_i C*JuO ^a-jli jlS*a_j ^Jljjbj OjLo Aj ijaJjjj^> 

<UjJjAj 6j j ^A-J j p-3jj j cfJfij (^jjj 

.jjajb ( I»Gj^4j aJ 

a_$" a_>&jaJ j a_G j ( Ab t£LjjJ 4J 

aj CG^S* o .obftijjj &jaGJ dbp jb ^Jjjj 

ciJa«_)jjj ja_u aj d jaJj^jj_^> lt’^jjj ^bbJ Dew ^ja^ :(jIj$£ *(ijjj>$Li) (*Jj4w 

j4_> |^*^a— G ^aJu) juoai" ^jb |C_^a»G ^£ajj J^j Gal^j ^ab” ^A^a^wo^aG* ^ajjab” l<wjO Cwjjj» 

^l—> a_>jJi jA ^.aj ^■**' *(uujO j * ■> ^b_> ^-o.Ja_^ a__>l^a»& ImG_>L oaG' a__)a_)a»b 

j 6ib^o jA-G j j ^jIS*6jA,^A-> j <iJL^ j jli ^*^A^ j bC*JjA5^6 i 

Cwj^ u^j jj^ I^jA_>^i aJ ^*^a__g .|X*^a_:; ^aJu ^jb^o^A^ ^a»b ab” ^AjbaG 

.(6jaJu^j6i) C^llLob jJ> ^Ijij 








^5*4—)4j>_jIj 4 J C *Lo ^£&^4jj^j_j^j *U |C_j4»tIi ^4 —> 

ijl —mj ^—>! 4_i jJj 3 0^^ ^3^" kJbjj ^£4jLi4J» jAu jL 

♦ ^^4-cu ^^jI^Ss -*—i ^j lS*4j>^4,*o 4 J . J 

L $A%0 lJ^ ^ fJ 4 -* iijjj ^ lt’^ ” ^ 

— I (j)b^ jhjj>^!jhjj> • cj IS*i« iL»j ^j &£\j cj ISsj 

4 J V ^Zj^J .jlwCLcu — <—4 * ^L> ^£jL» ^I-cw 

. 6j4jjjJj-j> <^lijjj 4J^-*-4 (J-^ 6 J^ J OlSsj iLj lj<4jk Jj jLj ^oJ4J& j ^l-^JJJ I-L»j6j 

a-£ C*- L> 6j*L-£*6jjj (iljJ-J^Ub ^*^4S* 4J 45*4-JLcu ^jjjJ C-wjjji ^->^jlj4J jLt — £ 

^bjjj j^ri) 1: j j^i <Jj3j ^ oLS"o <J ^jlijjjL 

• ( 4^” 4jC^4-£i 

4_> bjj L^jO bj4—d/ ^ .oliftijjj !j^l^4j«QjLk j j_jji J JLoi —mj bjd*£j 4J ^j4^u — Y 

<4-J C|4*^^—mi ^4b> 4jUTo Ljl& |»jj ^4S*4»w0^4^ ^£4b> C<—C J —O : J ^4jIj5bj-w> 

6^2 ^—1 j^333 c£^"”*J" 1 ( m ^^ lm * Mm ^33 ^jj-&4j b^^m^mjb $ I ^£3 !»Li i 4^bo Lmj 

^j*»—mi ^jjj —1 CXcujji ^j45*4j *Uj-> C^j Oj^S* jb jj4Jb 45* j4j J^J ^JjU^ ^ 

I Jj L—wj ^jjO j IT 4 —mIi <4—1 (ji.jJj^-fe J 4 jL>^)4^o ^*^«j . 6^^Jw<-)5 i Ijjl £ 1 J 

.<—>lS^6i JLj^ ^S^3^33^^3^33^ ^ 

^1 JL>^^>) i—* ^1 jL aS*jj> cL->^ (L ^1 jL) 

^£4—Lj 1^6 1 j4—Mii^J 6^6 J^—)^o^jLj (I jSj> 4 J 4 J 

i^j 1 ^j4j—11^5" o^j ^—)Lj ji^jUfc . Ij4Jb 

lj * & 1 * * >^»j ^* lj4Ji CJ—ui ^ ^j L.,i 11^4^ 3^^ 1 

• OlS^fii <£j*^‘^ jlj4Jb ^jjjjijLuj 








^4_ 4 J Cuj 5 i UdMjjji l-UlS^CLLo 4«j>jb ^>jijjL-i j—Jj 4-J |4 *j4«£i L&&jj4Jb 

^_£4_b j ib-tj L^jO J* 1 *- 1 I o ljjlS*4.Jbo b**i 6j4_*Ii 4_I 

^J^-*->b 4 j CdwUft i Cdycujiji |4 *j4»»£i ^ ^£ 4 lj JjJ <w*Jj4j&ib I j^>du ^SJJJ ^*0j4^ 

* 1ft ^ c£Jft^)4—ft CjlIjL. jjJ (4^o4S")4 - *J 4»wyl i ^4-t ^»*V4 j C f Ijb L *r 

. (Cojbb) O^ub jljb j^j Cwjjji jCj4Ju (ibo l^j4Jb 

: (QJjAm 

♦ j4jLo4j a£ <^bjjj j-> 4*>4Jb ^jjj ^ ^j*Lb 

4_J b 4»_t _3 JL> ^1—mi JjJ OwLo^&-\5bwt ^5* ^Jbj L>j4-mj |4*j4»Cd — ^ 

cA—>li jb Jj ciJfijjj ^luu^^ ^ 0 j4^ti 4-JL) j»4j . LulS^jblu 4 j*_«^j j ^jbLo 4j>jb 

» Uy. l 6 ^ j+-bo * (^£4^djJj (^ 6^5 bo ^Jj 6 jb ^ 

Ji^S*^-96jb ^jbj—^ ij4^_t 4 J <w^m^4jj4j ciJ^jfi^bo J_t ^*j 4 / , >* — V 

. 6j4jlS*&,i ^45* l-^l> j <iJ&JJj jb ^JXibj^j CC^ufiib 

jL> 4 J jb ^Sb^^/jUb j4«uj 4jlS*6ijlS* j C*Jj-ofi jJ<4jk ^j 4«£/ 4jjJi J^j4JLmjIj <iJftjjj -t* 

U 0j4«J^1JL1j3 4j ^-LJ»6j6jj4») 4 J j 4 j jb *UjJ C Ii4^4^6jjj 

. 4^* 4wmi bo 4*j 


^c —1 ( jjljjb4_^ ^4 -J|j4j <.C*_jJjjb&i ^JlS *jlLlS Obb ^£Jj 4J&4J (iJ&jjj — £■ 

.^j4^/ 4 j Owujijj (jljb) j4j <jJuS b jjj ^*^4^jb 

^»4_S* j»J-j bj& Jb ^bo^4S* ^4»b 4^ 4—»6^4j |^4Jfc^^jb ^4^i4.J |C^4^Ii ^jlS^4«w»^4^dJ^b^4-I 

^4^_i .Cdt— >j£b$ ^b^o^-» jhj.^ ^^—»l^iJ4 - & ^jdyM-j (^j6iLt) l-L-ibwb ^jbcJ 4^ (>b^^j[£b$ 

l»J-J C^-LC*J—5bw> jCj4_^ J CJu^ u-d. 1 JJ^ ji—D ^o.j4«Jb ^ij4jjjjj-j> 4_1 4_S^ ^tfUftjljLw djj 

YU 








J\«*oJ—> ^ jaO aJ jjj j»Jj6ja«& ^bojaS* ^£a»b a»tjj C6ja*jlS*6i bojaS* ^£&jaJjjj 

^jjjiL*j ^J^^JwJ<U 6ja_*->ijj4j jj^ >l^Ja»& ^Iji |jCjaO a«$* cb—>l$* L&fijjajb C&ja^wob 


^oj^S L a_S* obojjj dials' a_j6jL jaO ( Frost) ^jj *( <be-<Lw) p 

dLj IS* (Black Frost) |*—9 jj a_o&j &j . (^£^a _mj ^jjL.^) c^—«^aj ^£a—b j—*j j—> Ooja*_>ob 

^jbj^j jL+>&j ^ab ^jj j_» Coj^uli a5 *&jjj ^-oja^* ^aJu j COj <iloj Ijajb oliOjjj 

^jbS* j o jjS* 6 ^ ol&jjj j (Killing Frost) &jj— ^ ■» 9jj jj^a_^oa-» .^ja«o ^a—b aol^j 
j*L_La_/3j mj) fijj_J> 6j .jj*i V - <lJ jLo*L_S* a_jlSb Ij^LJb ^-oj*L_S* ^*L_b *L_S* OliOjjj 
<lJ* cbb&a Cw^jji bLulS* ^ (White Frost) cr ^ L5 -«ijj jL> Hoar Frost ( L5r bOoaIIj> 


a_!T ^&JJJ j4j j^Lmj^l! j\JjJ&a^si aJLOu^S* jj CujjS*6 $ jb ^-oJajfc j OliOjjj jjj>bljajbaj 
^**» * >IT6 jjJ> ab 6j C^^an„>,i i^£ j JL*j j\«*oaS* jJ Os,Jj4j6 i I i b» ^*Oja>S* 


^jj&a—i icOJt>jjob jbS*a jjj jLj jLSobo j Jjjba_^ ollL^>aJ aOLjj aS* (Glaze) <uijj 

jLS^dijLsi 6 jjj j*u obOlS* coli6ijjj 6j6ijLs) jjj ^3ljL ^jb ^ISbjjJi ^. o Os i ^j 

. 4-»6jOwLu.i4j ^ab ^jj aJ jLwwojJif ^ab ai* ^ajIjO 


^jabbj ^Va —1 cOabLjjjj pbjj !jOlS*&jjaj j»a_S* a*>jL j ^^ja^Jj> a^>jb aJjL>jjj 
ija j —j5bla_k ^_Ojjj a_5^ cii^jlS^ ^bj jl5^Lc> ^^JbV ^^ji ^^jb aJ ^pbjjj 

(^bftj^-MJ .C^bdijjj p—5jj IjjlS*6 ^J L.,1 &JJ&J ^sJ wLlftjb ^aOwswJ aJ . <w«-s J 6 ^ ^jbj> (^ijbs/ 

i^jjfij ^ l ^ jj Ij6j b a_I jLj> jjj cOuj 5^6 i ^j jO jj 6ja^O-»jO aJ jb^jj ^bjjj 

^bjjj ^jaS^aJ j ^bj IjjbOij (^jj6j aJ ^^Oua^fijaJjjjfijLjji j oliftijjj bjjb 






yw 4 J 


eyy 4 - 0 bj-ubj l£jj 6 j b 


lijjj .jL&4j yLuJj&jb i^£j^>jjjb i 4 J bjdSZ-)b 5 
.(JlS*yJLS\jlS"& jlyl> 4j4jb y jjaJ* ^4j 

* (^2j 3 4pt5djt5^A 


< y0^4j jL Lw**o4j> ^lj4Jb ^ylyLk j4j^J jjL» colifiijjj jt^JJ 

♦ ^j4*j bo 4*j 4^* Jj-> ^ ^jpjdu I i 4 *jJ£j ^ I5bju»<— > 4*j 

. 6 JlJ y j JbL jjj j aj lj ^>j> b <uyy :Radiation Frost t(*2$) djdjl£Lu 

6 jj ^y IjJ^mjD icU ^^oL^4_j 4»I CCJo&i Cwjjji 6j4->j6j i^JJJ < y3j4^ <£^~t ^j-&4j 

SjSj l$\. >■*<—*■* • I.A—> IS*4. L ».^ ^ j—>j$ ^ bo L.<,. 6^4-Ci J y<U->b 4 j j l^^cu J 4 j I J>$bj^ o tfU 

^^LLwUm—> 4—1 I J. »?» >JjL> j jL&4—i i^jjbj 4—1 ^*^4—) C<OliOj^j IJjLLmjj ^33^3 4 J j^JJJ ^33 
|t—5 jj 6j .oli&ijjj IjJL-jJLjjUb IjjlS^fiijl —mi 4—o.jj*Ub *lJ cCyj&i Jj&jb 

3 1 -^— | Lw>Lj4j <lJ Cuj^—$*& iy ^ (jrulj-^4 **1 aj l ■ ■ ■■ '^ 3 ‘ “ .‘ ‘ ‘ ^J) ^ j4_mj4J 

• d^4^j^jd ^ 33^ I 4 J 4 J& 

♦ Cvi-bjbjjJfe .Aj4j> jjj 4«w)^j 4^6 i ^3^3 y j4_i jy 


yi ibj IjjIS"L> yb^f yji b ^3jJ ybjjj yj4jjy&jbjji : /1 

j jl5*4»Jji j6jiL-» bj*L-£ *L_I yjfii iji —mi ^ (L^> b yijSbl4Jb (^jl>jji 4^ (iJ^jl^ 

•(^jj y^juj lSj-* 4 ^ 4 ^ 

jL> ‘Ob'^_> C6^4jl$^5i j-» 4^ ^33 ^ 3^3 bbjy.w 1 y I ijjj ^ 3 ^ 4«) cJ t^JL^ ^JaU /LJ 

p—3 ju >I ^33j <S^3^ mi 33 m i^3^ m i33^ ^^3^ ^^4^6 i L^ 4 ^ ^y»—> j4jI^ 

( yJjb4^ ^yjjjibj ^JJb4jCu4j Ij5^l> 4 J jb yjjj 6j .OlSb ibj Ij5^l> 4 J yli Jj4^>jJJb 
.&^4*jlS*6i LS^3^ ^ > y ,J ^ 4 ^b 4.^ ^4«j ^^ 0 3 &£ blJ-) ^4*j ^ 









cjL-j 4_I ^5* ^jl5jjjL &jcub!jj (^jjj olS^6i jt^jj *b jlS* :db- /£. 

jU 4 J ^.^JO/ ^jli^jjL ^bljj 4 b CJo&i ibj jljlb <^^1 ^jSbbb ^ j^JJ er’^JJJ 6 J 

• Uwufi } j»4b O^JJ^ ^j*-»jj3 ^5*b ^b jL?*b 

<c^jb >j$CU_a> 4_1 :Advection Frost djIJLwI^S 43 -^jt) 

j4 fc^b . *b-S*6i jljlj““^ ^5*4 »j 4 >jb*»b jb—5j C-bi6ijjj ifl ■*■**^-> 6 j6 ^jl ^j4 *** 

^iboLj ^j_ft 4_^L»4 j bjj-> |»4j .CCuO <ibjjjj -^^b j Oli&ijjj C-wul-bbub 

. (j ib&J I J«Lc>) ^jlb J^mCuS^jjd*u\u 4j ^JJ^b 


Lj ib.I -» —> 4—> jLblSbj 4»b cit * 1 15" Sj<L wLwI jb ^£4—IjJ> j4—>*>4,1 4__)4Jb ^j<^_ $bj lb |*-9 jj 
^ j*Lbbjlb *L_) U> .OLbfci ^jLj ^Lb J ^iLo ^jbj J jbjjj J Cojbujjftib cAJj-k^U* 1 

5jgL w w^. 1 1jb 4_) h^A+Lu 4b L^y J 6 ^b jbj (^4«)b4-)*^ j4«j jj^oJ^- mj 4»I ^j45b jlb j lbl$bj j^*«j4b 

<U jL_J ^JJ_» JJ— 1 <«-4IJ-^- i C«wL^—jb 4 b (iiljlb .C*w^Lm.i4j 6 ^ jjjb4b j 

. 6j4Joj4^6 J^J ( ^£6jj4b ^jibo ^jbj j j5bjj 6j4jj6J ^JJJ J*^b 4b ^4jIj4j ^j4«<_tb 


j4_u.i 4J ^jLw ' ^L-Sbo ^£j4b-j Ibj4j4b C|*«9jj 4j id i ^b«^4jb jlbdjb—»jJ> j»*^4j 

C*Uj—M^bdilj I-Ljlb4«t ^^LJdjLwO bo 4j*jb 4 J jL>jjJ 4 b 4«b4b .JbjJLbb 


^-3jJ |»4 ^<0 ^^jlijjj J jL&4j ^jjdj ^3jJ bjS" ^b" jl^p ^fijbo-J 4^ 

4 /*'4^j i d£ 4^ojijjjj4j li4jfi^bo^4j A*j li4jL>_jb ^4j 4 j^j C lijjb ^b 

^»4_> C(w O jj6 i I ^b"j4 _mj ^_»^^4«_) O l^4«_) ^(5^^<«»<—<j>) b^du i ^jfi ^-£-bj^9 

^^j4—ijjjfi i4j 4_)djbo ^*4*_) i^4—i 4_1 C jJ ^jj 6^4^bww>^-w 4 J 6^l^bj> ^pu4_)d^bo 

^ 15^4«s-sj b bj iLj>jb j jj— bb ^lS*4»Jji ^^Lj>jb 4 J j jL5^fiijb^i <tuL> ^jb 4 J 45b bo 

. 4^*j bo ^ ^ d>*^ ^^j3j 








1 ^^—> C^»jijjjj4— i Jj—i ~ |*3jij ^ ^4jL»L»j ^-oL^4-t 4J 

♦ ^p4j|^4*J ^jIS*4jL>j i j 5^ Jjj cii-b4^ojp” 

czjZjj<£ ^j> .<ci^jji ^jj-^ ^jlijjjL j-»Ju^L - ^ 

^jlS^iUji ^4*>jb cfJftj t6 jjj bp ^ajcCjjjfcjLjji 4 S* ^^jl>jb j^l! fij^JLjj^jjji 4 J 


L_> ^tfLi—b ^L;-«,ip> >o Lu.i ^jL^> ^£ 4 jl b 4 * 5 * bTL^> ^Jb*V 

pj ^A*S \Jj j—> ^JLp 43 j^Lmj^lI b& Jj_p Jj Cwj 4 jj 4 j <iJ&j C*> 6 ji ^JjL> 4 j 6 j 4 j^j^S\J 

j 4 —ft 4—1 a—^£ 6 ^ 4 —. ^ 1 ^ 4 _^ojijjjj 4 j » ijl —uj ^bfiJ—p> ^ * V *V» > 4 ^ 4 J 

^5^^— 4 J ^ 9 ^^ p »1 ^->1^4—&j^L> i^£aSs->j 4 J (^rucu Lo) ^jylp I«aS*4-»4j^j L> 

. I-Gl^ 


^-ojj-ijj4j 4 J fi j 4JJj 4^j j j i j O I5sj ^jlS* jLadS . *Jjj 4^ cfJjwO j->Jj4j ^jJjL> — V 
L&&^j 4—ft .^4 —m* ^ »V» *. »o lj ^ 4_£"pi ( Lm^S") 4^ 4Jj5* jp»o j*Pjjj 4j (^u Lw»m. ' 4Jb 

P&j4«_0 j5^jj4j 4—j pljj4^_) C^— 4 ^J JJJ 4»_I ^je^^\j (J*Lw0j->jj4»_i 4*_I L-^^Jj b C* 1 jS* 3 ^ 
• C*J6 i li JJLk. . . j 4 jLo4j j ^pp ^ ^5* ^&j4j <iJfij C^jfij ^jjj j4»mj 4J plS*4«^5 jjjjAj 


4—1 jLjIS*4_*Ojjjj 4«) ^pJ^MjljL J—) j4—)4 jj5^j 6 i jljLjjJ>4^ 4-»4 jL15sjj j 4J — t* 

^4_,b iLjjjJ J —1 CfiiLo dbjj4Jb ^Jubj^) Cwlcu4j6i 6j4ji^ ^b 4 j ^4^04^ C^3jj 

(jj—(j^4^_^ 4—4^4^^i ^£^4—ft ^>3^4—^4j*j ^6^4 j^ ^ ^jj-&44^ (6^jLj4-mj 


4*J^j4j Ubdjj^LJb .C^-pbj&b jt—5jj j —> jLjC^Ij ^^Lol—^ 4^ OlS*6i C^/jji 

coL-5^6i iljL^ ^-o«J 4 — ft jL ^fijIjL^i ^ olS^6i dJVL> ciXl^jL 

.jtJjj i^°J^ <£^*t 4 -u 6 i 4 jLo 4 j jj^o 4 ^ 


^SnJ^uSsIj 4—^ Cp^MjdjJ4Jb 4^ bjjdS ((illJLl^fijL) ^4^jj 4 J lj4Jb jj> ~i 

^4b> ^4—»^4*jli |»6ij4j 4^1^^ <w«wj^S^ l^4»fe 









^£A«^Njj A_I ^—’ * > --^ J b A»m,i ^j3jA_S* (jA-jAjAS*Aj) 6j6jA_S*bj> ^J LwJkj IS* Aj — 0 

^jjk4—*-<.-> Ajj I i j j j (^£&jbj3 aJ Oj ^& » ^j 3 j aS* aS* ^jj&j ^^»-w w-*j >b ^S*Aj6ibo Aj I ^ 

jUaJ ^jjA^j ^jjjjjAj aJ j;|jIS*JjJ b Co^S* b i LfefijjA^ . bjA^j aJ ^j !>»L<-mj 6 i aJ ^6jAjjjj |»aS* 
.jtJjj ^IS*ajLj dJj^uj jjli (Glasshouse)^*-*j^ ^jjjL> 

j » jS* ^£j ISjjj b jj bjb wL*—»A- j3j b aS* ^ bo Aj aS*aS*L> ij^ ^^w- £j j I i — *\ 

.^aS*aj ^ojAf ^aJuaJ 

^a.^ujaJ cjb^J j^j—S* ^jL-S^jjU ^j^jiLjj jj aS*aS* 1> ^Abo jS* ^&jAj^S* |»aS* — ^ 

• ^£j A»w Awwm> j L*^ij jjjj L^ Aj ^ AXjj aJ jb jJ ^^-^*I^Aj ^Ji j^Ja^-w» 

|^jJ ^A^Jj aJ cliAS'A^jj ^bjjj ^Ijjj ^ Jj jb ^ijS* ibj -A 

^ILu^ fcj^Ljl jj b^LJb ^Ij6 ijAj ^S*Aj6Aj ( ^jjjJl> Aj ^^Jijb jb jb Aj aS*aS*1> 

• (JjO (jbj^J^ ^ijS* Jj 6j6XJA^0jb jb bj .jj> ^AJL^Ja^ (jlji |b*jj 

:(j__* jf>4J3) pA—J 


j —> OujAjli ^j&j ^jjj jA«mj ^IjA^ ^jJjAS* ^£aJj aS* 0-w>5i Owjjji clbjlS* (FO§) |>Aj 
C.» w u 6 ^ C< w ^ jj^ <jJjjJ>«j 6 jUa«J9 ^^w.J jj&J— .</ Ajl < .,» i,/ jLj jb AjjJ^ Aj3 Aj C^jA^j ^£aJj 
^J-^A-^ii* >Ajj 6 jA_<,J.> ja6 ^ I i Ij^L-k aJ ^£jl j—*j 1 jJ A^ A_j j (|*—bo * ? ^ ^_I j\^o^-S* ^£6 JTL—)) 
l&fcjjA-Jfc .^jA^o Y * * aJ j\>3 AS* Jj CojAjfi ili jTU-o ^6jbo li ^Aj aJ ^6jbo ^6 jAjjjj 


L ^—> aJ L^ja_j jbjU J-j A-wjA^jb ^Ljb ^ CwjAja^q : (U^^^^jjjJl> 

A-J (^jjj A_t j A_^j^jijb jj ^S*A_»l^jj A^oAj CcUl>^ ^ JJJ I^aS*aS*6 jjj 

.CojJCj &6 ijlS*Aj Ix^S bj ^ j ^Aj ^jjjl^ 









CC^JD i C^wjji (^j6j ^JJJ ^ tiLjj) (Jjfij ^JJJ J±-> (JjJ*-& ^ j*^ 

• (jrUwOI^ j^AsJb ^\£bjj> J cfi^S'<£U 4 j ^»4—» 

^^l-L ^L-S" dLulS’ CoJ-$s 1 j jU <lJ CiU^jb (Warm Fog ) 

*L-I ib^^J C^jViii i (Cold Fog) j *^^ 1 6 ^jL.„ 6^9 6 

J .Uyj djAJLwui^j ^dSm) cii-w> IS* Cw wO 3 C w jj» J L^ , . ,/ 

•(JjO ^JJJ *J <ii->jj *j jp jL> jIaL£ ^ 

.oljjjjj 6J*UjjJ^> lj4Jb ^Jjl^> jL ^J*l£i ^clJj Jj lj4J& ^JjjJijL^i — V 
.oljj Ij*l& ijL*i ^5*1ljl> ^ dJjj-cu - \* 

.t>j4ljjjj> ^jb aj l ^*jjj J,^ ~t 


:j»4J 


_> ^jja_Sy .iauli ^ruljjti a_ij^i 1 j»Aj £* mjj 2 a5" ja_a jJJ 


♦ 4jLi^u > 


*J :Surface Fog (^jjj <ujjj jL :Radiation Fog ^djd$L&Lu 

jj— > &J | ^ t^£dXj J Om- > ^ l-L-£ > clC-jlS^ CUwJfi ^ Ow«uj^i 


^-jli Cwa .' D : J i^a\j \ ^ ^ 

bjbj\S^*i*u . IJjl^^JLoJLfc j JLoL. bj^Li dj bjJujbj ijbJ^jl jSs^IL^j 








- 6^4 ‘ 'j ^ 1 Jl ^ b ^ ^ 1 ^ i ^»a_) w^ ' 1 J Jd *d^L^> C & j I ^jj| * <^£*L_d^LuljlIj 3 ^ a__) 

tL^wui ^ i bj IwL>Ubmi^ & 3 ab ^3 15 L^ Lj ^ jjjj Lpdw. 

^jUuL *L_) 6 j^L-X 1 j 6 jL 5 ^iiw 0 jj *Lj>jb id ijL^l ^Ijajb olifiijjj dlljlS" j»aJ *L*JJJJ 

^jJfc*L_t Ij-jlSbJji aj jja_-oY * * ^*L-Sb»Jj j—^ CaLdb i iLjj ^A-SbLjljj *^a_$btjj 

.(Valley Fog) ^aj ajj^ aj Cu^ojb bajb jaJ j 6jL> ^auLb ^Sblaj* 


aJ (Sea Fog) ^a_j a.uLjia jb :Advection Fog (djIJLwI^S djl>wl^S -Y 

<jJa_tol^b ^<L->jjj ajl^Ja»& ^ l«Lw^ ^*o^ad" ^S*ajl^a,& ab^j ad l^dbo Id 

a^dl^ajb a_la*jj£j 1 3 ^" ^1^^—^ c^^a—£> ^a_b> a_l <w^_ i ^\,*oad ^£ada»wo^ad ^a»b ^ 

L_^5bo j ^J-kaj^L>aJj 6j6ijLcu ^jjjj aj ^jldJ jajaJ C-JoO 

d6 Lmj b^6 ^ L j l-Lwli ^*o^ad ^£ l^a»& ^^Sbtajb ^LaJ!^a«I . 6^IIa^ 

&^ajdb^6i aJjl»Lwii ^*o^ad ^j \jajb aJa^jj ad cid—»d <jb c^jlS^6^a-w^oaj> a^>^b (JXjJj 
-Cwo^ ^»a*j fi^l^bad* IwU^ab ^ c-^lS^6»da^ ^jdftijb*/ cfJa*j6il^b &^^bad 

.CjI.I jjj >d ^ajba»I JuajljaJ Ub^^^ajb c^»aj aj &^ ^/ub ^» 4 J 

a»_)ddjJajb 3 jL mj ^ 1 ja-jb aj^uad" cd—>d ^»a*j &^l I^d a»jaj|^ab Ubdj^ajb 

da I i6 \j^*ojdS a_I a*_$* pJa_&iU .jl^CLcu ^ dJa^j^iljb ja»Mj 

^a-^aj c^jjij_j^Lj ^aJu a_jlS^6i bajb j olS^aiibj bjbj^uj ^a^6ijb^ Ijajb Jj jb ^-oJajb 

ja^aJ aii' (Evaporation Fog) ^aj ^ajbau aj Cu^jd^b ad" ^ Owj^j ^ a^oaj ^a«j 

• Odjfii CXujjji jJ^ jb^6jjad a.>bj6i j bj6 i 


^6j6ja_^ ^ lja-jb ^fijaj.j^.jjau ^j-^a_. :Upslope Fog jISLl^ -Y 

j Ca-1jO ijb^i ja_^i ^ab» b Ijajb ^pajDjaJjj^jja-» jaj .Cdjfti jldb> ^^Jbiaj 

.^jldbj> ab j\^oad ^da*ol^^a*j ^a»Mjb Cw ^o ^ ^a.j 








jlba-oa^jljajb &jju ab cbjo c^jji dLjlb: Frontal Fog 4ufj4& djAJ -t 

ab b Lm,i j4_>„>,i^J 1 s ^j) ‘ ‘ 1 ^bl jL Jja»t&»Lt —) (jj Ibft^6^4 j jb) 

j jjj_i^1j ^jaJj abjlbfti abt> ijL-j Ijajb Jj ^jlujb Qyj^Jibj) ^Jb^Sbbj 4j cCbjbo 

• L«^ J b • CwuJjj ^ 

j ^a-bj jjij4-jb ^_^ba_> J ) :Smog ( v JA£4j ) &14lZj 2 jb ibjUuS -o 

b * t L5" . (^L—>lbfi^J j—fcbj )A—»L ^b^^J ^ja k *. 11 b j 1 <” S * *** a__l a_*oaJt (i^jl—^Sbw > j» 

^jlb J3^" »~* * 1 • uy- 1 jbab 3j?y-> ^3 L_> a_jJi a__i (Jab»w> j lb6 ^ bo jb ba I ^fi ^33 J 

t^bjJj bj C(^Jab_ji ^jb-fc-b ^£6ibo) 6^-* L^5\-w> J b ^wj- I D i bo abj^^ ^C^lbLw-J 

. Clalb&i 3j^*o ( tm £* mUj 3j^ J ^ j^-mj^J jjd^o j a,joab IwL)Lo jlbfi^b a*jJ_b 

aJ JUab Jj cbj<uob ^jab ^aJu ab obojjj dlplb :lce Fog ^LdjAAtu -1 

• Cbjdi cXu^jji bljajb aJ jlIjJajb ^bjjj>u ^wbjj^a^ ajL l^u jb V * — 


^^ba-ta^-jb aJ Cbjb*L_j ^a_t . bj^Jujjb i jJ> ^jL^Jajb ^aj ^Jilbfcjj^ ^a^jjj 

jjj ^SwLtj ^j_& a^bj^b a*b cilplb cCbjSb Ijl> ^aj ^6jaJjj|j6j ^jbjb bjljb ^jbo 

rdJa^aibj Ju<n> aj ^pLa^oaj ca*j|.Ajlbajlbabjj£ ab ^£&ja—» <j)b^ 


a_» i jLmj j ^ja_f ^1ja-jb ^3a_$bb Jj bj^&£ ^^ ^uwyyjtj L a_> Ijajb ^g j«A j^ 

a^b"a^oau ^ a^b^fi^b |tJa^a*j ^J&a^^oa^j ^Jia^oaj c^^o^ab ^jaJ»> ^J6^a*jijb"j^au ^^bob 

• >aj 6j6jbbb,o aJ Cb^5^6i l^jj abljajb ^jjj*^fjj> U^fijjajb .bjdjujbjbs 


a__)jJi ^6ja j J_) a_S"a^oaj jLj ^JiLb*&jb a__ijJi jb_» jLb ^oJa & ^ — ^ 

b ^jL.„. aJ JwLjI^U ^j^bj-b^ <~*.jj£b$ '^£3^j a*j^a^j ^ ja^j 4^ab bb^ab_5^j>o 


YYY 








a_da^ jb£*&jb a_tjJi ^jI 


j ^U.*. 1 aj ^ Cw. i Cwjjj » CrJjJba^ aj Lwmj>j^ Co>j5b 

*l£jO ajja^o j 


<j^i ^ cHj^ (JjO l£JJJ cjt°^ fJ 4 ^ l£^vW ^ 

.jlS^4ol>45j^b <cj^j Cojifti ^L^aC lijI^S* ^ji-O ^^Sboajojb ^ L j* 4 ^ 

l^o^j 4 ^*j^> Cj»Jjfi^a«& ^.*0^£6^a«0 ^ d»ajb ^jl^ajbj^jb |»4oi 

^£a—b C6^6j_oji Jjjo4—Ci ^6j^oIj5bb—C > Cd^S* 6 i i£j^j J3 ^dl^Ja^k aJ 

^uj^jli ^J^fca * * >a^t Id^^ i j ad kj .6^^—w.wOfii {£jj^ ^ad 

• UJ^£j&j Jj—’ J[^jL-& ^J^> ^gSbdd ^ I l^Jj 4^*J^> ^JJ^J b {^Ajd£ ^aio 

C^jCm— o»d_^j ^d>L^Sbw>a_d L&fi^ja_■& (UJ^5*6 i jd -' ^^ adfi^b^j ^da^kd ad 

. <dlS*6i ciJl^ ^»w C ad ^jbjo^jb^ a^ajb IS*^dlSj^j ^^daS* ad^j 

a*d IdCujofi^ ^jlS*6^jao ado> ad ^L> jijij aS* li&^ad C 6^bj> a«w>j^j dl 

. (Clouds )jj4jb ad add^ajjjjj^ aoJjaj ^aj jjj .cddo i Cd-jjji ^Jjjj 

^dbjJba M u.i ail > ><> 1 jS* ^ ^bo a_j^d^ ad L^$b«o j d^lljdw> ^S*a«ja C d c jU 
^jL—* j \ a_I ^ c^-oi ^ | <»--bo * j * ^ ^jbS*6^b a^d^Ji ^6^ruj ^1 j-^b-j . bl^a»& ad ^1^^l^da^k 
^"£-»o l^a_> aJ bS*6^ b a_jjJ ^ mj /1 * * — 0 * * ) aC id”d ^ ^dad”accc^ao ^a^> cCdo b 
ddaS" $ ^jl5^6ija5^ ^j-&aj ^jbub 

^ja_ijjj6 i (^£jbj ^d»j—o»Jajb j a_dad^ ja_M^ai ^jlS^fijb a^jJi ^bljC 6j cOlS^^i 









b ^bj[j^mm 9 ^y—> ^S ^*L —> >t^wL m4jO 15**C>L^Ss-o ^ bj UA3 4j 

. ( jSZjbbjS^j obb j4j!j4j Cj45*6i 

jl-J bj<*UJjJj^> *lJ . I iJI\i_MJJ j j)^J jj^Jb 

Ij4-Jb ) J l^LwI c 1 — ^ 

jL-» £ru^> (^£jj4—& *->Ij «L-> jj4-Jb ^*jL-^JL> ^jJS><sLJCo4j 4_£* Cjjj_i i^Lj ^jL. *L-i 

. lA^ lA^ ^JjjJ^S4J4S 


\ja & . lijjcLj& L_^5 s^j ^S* *lI <*5\jj 15* ^j-i^5* c IjiUb j > — V 


^ 4 * ) b^Jb 6^)4 —1 1 b^bjk **1 Jj —1 * * 16 I.A_»l5*4_ojj jL_ui4j ^£4^>jIj ^L_l 

4_I jL> ljul5*L_> ; 3 Lj i^L-3 4__) *^* C l«\JLol5*& ijLu 

4-Joi bj^Suy ^jLSsJ jb^ J l£jO l£JJJ LT 1 ^ ^ ^JjSs.J^ ^15*4-ojj4J 


MJ ^b^ ^ i A l >du 4«_t b ^4«_) . |>4»_kj4»t 

. C^yS^Lj jj 4 Jb 45 * (ill^culj Ij Ij^ 









♦ ^ Jj4& jLS^j^ 

♦ *J ^ (\-^ ^JbjLZj) JJ> ^-MJ j-» ^6 i j45* ^^1j ^Ludu jlS*6jj^Lfc 

6^jL.J Ml Jji-ul l^£^Sdu 4^ dub jjd^fc ^4*j ~S 

4—1 6ji^4—& 6ji^«J> ^*4*_t ^j4j 6^L^> C^£i4.«j ^ jSU+t 4J juod^ d^u\jjdu d^u^dS du 

.CujS^Ju jLj dujJl 

d^u^jdS'du ^ bj\^d^ ^£i4 -*.jj i^gjJLjj dj ^d^d^^AjdS ^dXj d£ dub ^du *^Liy — Y 

dS"dj uu^Suu ij^J^Jbd^tjj dj L*-u ^» * >dj du^j (*^£$d*uj ^ j SL u ^i-w^ {Sjj^ ^ ^S^4»w>l^^4») 

.li (6ij\il JJj-*) 6 -^J 4 j$-0 

^^Judu t^Ojd^S l £4_L j Co jyd^j ^J$d^jj ^jJLm ^iljb d£dubjj> jdu tJ d SdaJ “Y 

C^i4 —mj m.i 6 JLadS ^bjbjd^*) ^du ^*Oj45* t^dSu j ^$d*uj ^jSUm dj b jjL>j (^6 j6j!^> 

• Oo-Ob—> ^ ^bjbjd^ui ^-£/4j j jL 4*jJ£_b 4 J ^ujd^j du'jj 
















: jLujjAj <U jjAA 

&*+>&£ ^> a £ a*j (1803) Luke Howard <jJ^J 

IS'. b^& >ui b ^ I jm^ ) I » ^TLJ> jH »JjJ • 6^ b ^^ gJj b ^ 

. ( V - ^ ^6^L£) Lo 4 j J IS*<AJL*> <• 6 J*CCj^ 5*6 i jj*Lk 

lS'Hjjj • wH 4 —jji ^ Jbo a_S" ^^jljjiL-l AjbjJjdS <*UbJJ> jdu X^J-i {£j^AA ~S 

C^w ) ImLw* ^wj *JL ^ .w > / ^—»^-)IjaJ i>Co»1^j ^b 4_^J^ 4 J 

. ^jIS* ^ 

bj^Jjbj ^JJJ V-Y) jl^p ^Ijj^ ^ 4 j6jJ> :dJdjU^U (jlj^AJ (jljjAA -Y 

4_I <jJ^—>4.J^«Sbw> ^L_l ^ IjuLijU 4 J CoiXj b 4 j jJ^ aj 4jljj<Ufc <£U >CwoDi lX w jj^ 

. I^ub-t*^ J L w m ^* ^ 5* ^ ^b jJa 



iL-jlS'b ^4—Sbjljb ^*UjjJ C^_)jbljL jbS\jJj<4Jfc JilSb^J ^SsJjJiUb cCo^aSsIj c>bjJb<iLMJ 


YY1 


•lSjO lSJJJ 



















6j4-j!jL j iSJJ 6 L^JJJ ^U-»Ij j jj<L& ^jIS*6jjJ> (^“^) ^A JdJl> 

♦ ^j4jbo4-t 4^* bjk*+i ^ * ji j4Jb C6^4jlS*di 033J 



^LwJLj 


jj^Lfc 

^jljb 

jJ ^-»0 ji-^ Jj 4j>jJjJ ^0 

^,«-,A 

Jjjjb aiblbi' 

i i jjj 

^•,V- • ,Y 

r 5 ”' " Y 

J0& jlLobjjajbai'aHai' 

(j»4^)iiJj-Mj ^5wljLjl>jl> 

ff *,a - -,r 


c£> tA> ajai" 

Oj* 3 J dbb 

jjjjjjjJj b db^<U3ji-b"-\j4> 

r^-> Y 

jljb Ju ^jjajb aiblbi* 

jljL<LC C4j<U^&i ^yljb 

^ -,A - •,Y 

r i ' - ’ v ">' 

Cft> C&> L^JJ^ 

^jljL c<obd*j obb 

JjOj <OlS"b J->jlfc 

r^ r -' 

J- 

i 

o 

JOfijldobo 

^Ijfiij^j ^y<L> J jljb 

db^j^LoJ^bb' Jj<L> 


jljb 4j £$> 

^j6j <Ol5*b ^y>uJb 

-L»*L> JjJ jJ&mA 

r*'- v 

jj^jb <Lmi a5* 

^bb 

^•,i- -,V 

( S*-'\ 

jj 4$4J <bb»jj<Ub <Lb 

JjO ajli"b 


-A 

tA> j\> ^jj4Jb 


Lw>JJ^LC ^Lw>U ^ j)^ jIS*6jhjJ> (^ 6^bo^ 






















u_oj; L ^ JJ a^ rCumulus (Cu) 

^*0 U 4«_J aj Cl*—*-> D i C^jj i ^JJJ 4—1 fi ^ ) . Oww ’ 5 d j d 6^j&^*Jb4j jk*+i 

• jlS*L^> ^^JUdcLc^ j*L_i Ij4—& cL-^ IJl^IjLS' <iJ jL ^j6j ^JJJ 

4»d ^ >7« *4d *^ 4«j4j d 4—djjd ^4__)j^ld' ^d I d&'J -^' 4 J C ^^s.jj do 

^_ujdo cl—<—> IS* j—w> ^Ssjbj Jj—f <—< u jH^d*6 d ^ Cldld&d ^-d jj^“ ^^-^ 4 *-*—> 4d* 4—11 d 

jLj>jjjj ^ 6 d_j6 d ^jijd ^5 ^jljjld ^d*^-> ^iS^4««j4d ^j4C»6dl£> • 

L. ^ 4-^o4d* ^£4—d**Lo L j^j4Jb 4d*4d4*d" * **"**)b d^6 d ^yC o 4j ljl*j I ^-*-1 4d L?*' L 

^jjb^_» &j^4«Jb ^»4*j . 4 *jIjL jjAJb <>CwwCubD d l„L»J^ J^J cJIjj jl l ^Ziyjbj 

c^-"J d^^ cr’J^’ d^S 3 U^ 1 <_^J_^ (J-WxU t£>A4j 0^ t^JJ* 0 <^J_* 

. (T - ^ ^jb jl£>) . (CwLl^o b) 6 j4CjjLCi4j 6j*U (^j^jjj^i 

Cw^jji Id^ VY jljli J :Altocumulus (Ac) JLj^jUUL 4 cgx>^ cgjLd^ -Y 

J —> J*mJ J>S. : —C 1 Aj . O o j'SL-S" 6 djS d <— O j 4—IJ U ‘ * * * 1 jL ^b^mUj J dj ^CwOf d 

ld^-d*6^j^fe .*'b <cd 4d* J *» > ' 1 ^-*oL^4«—> ■» C*4»t ^d <— 0 ^4^*6 d^O d 

j—I 4_(fijbob !j—L>jUb ^jlS*&j!jJLC/ J |»J^ 6jjj ^^bubiU ^Ud*JujdSjb 5 .C^wLlfii Cwy.1 JJ^ 

(iJ^^uj ^^JoljL-i ^JJb4-Jw 06 •5 iJjjtL-to Jjjdfiij^ ^bjjj 









dbo j 6jjajb J :Cirrocumulus (Cc)J^j4S4^4S ^ -Y 

Cuj ^.$jb 5 j—)j$ ^Jjj—J ^£6 j ^wri.' ^)4 »mj 4J . 6^^—cii.*7> * * l-L->jb *lJ jj-^ <• ^ 

jb S ^ ^ ^ ^ ‘ ' iftjjjk ^_. «,' 4^ ^ ‘ ‘ " 1 4__l . l i bj 6 i 4*l OwJ> O L*0 ^ 

. !«4^Jjjjj ciJ^J ^£6^jbo 4 J 6 ^ i km p J ^“*^J ^£jb ^ <S^ 4—»6^) bo b 



j4_^J j 4_u_> cn-> ^jjj^ :Stratocumulus (Sc> £jtj ^ £>jAA4S4 v J4S -t 


jb-O lj—ibj b 4 j jljf^b J Coj4^6 ijfc i cfJiU jJ jjji ^j4jjb ^4 JLmj jb jb Jjj ^6 j-1C 

4__) J»!^b —> ^ ^<U^»O ^jm ^\mt£sjb J ^ jjJ 6^4 —) 4^ 6^ 1^ b^ ^£4^4C l^vJ 5 ^ 

^ ciJb l«L»bo cCuijCofc i ij4S* ^ ^jJm» o 4^ j^4^ (^*^bo) 

4j ( jIwuLx , * J b ^-Jj4^j6i ^*L>jb . bj^Jj4^j4 - bu ^0jj4j ^jjjj ^jlSbJ CCj& i CbMjjji jl^jli 
4*}a£ li Ij5*4*j4j ^*oL^4*jjJ 4«C4 j Ij^J ^*Oj^4j jj ^Jbj bo b ^CC 

.(i _ S ^Jt> jL5j) . jljb>4i J j|jb ^^ojb ^jjb 4jCo cU4jlj4j J CCj cLo lj5b-» J4SW 


YYH 













J Jfp L^JJ 4 -* stratus (St) &>J4A -o 

L>jji ^jA-ojLS' j4j (. Cs Z J Z i j^b i1i jIjC^Lj jj^OiUb j *U (^^5wi) 

3 ^ J Mi' • (j\*& C * * — 0 * ) &m*J 1—> ^ b^^m ^uD i 


^_J I i jjj j —1 - 1 jJLt ^Ss.^.V b j__) dj4—7 - V *j& i jjtfL-j IIjtfL-fe *L_S^ ci * " 15* C*—oD i Owu.i,'jji 

4j 15*0 i lj4Jb Cw J iji-Mj bjbdj IjiLk ^5* Owo CXcujiji <iJ5jl5* 



























4—1 d L - U ^> y^b^ jjj—i 1 A*j .O-oD i ciJji^J>u 4»tJjJi ^ ^j4bt/ ^4b> 

A*J j»*V4j L b^b ^JjJk4j U J jL>6 J»b ^jl^b (j4^S*6 i4j 6 ^ 

jLj>jj}j JU-J 1 d*—I ij4»^i4 - l jdS bj C 4j4jJ ^£6 Leu j^mj^Jj 4^0 4^jj}j \j^J ^jLJLI ^jljb 

«( 0 ~^^b j 2L£>) ♦ C^- * ^ I-L»lji4j ^ bo Lmj 


J ^4—^b l 5 ^4-.6j^LJt, :Altostratus (As> JLJdjLUU £x>^Lj cjt-f £)j4-A -1 

0 ” V* Ij) * > 4—1 6 i 4—f&^jLwobo 4»1 .6^-<-J wli JjJ b^^j 4»J ^£4^*4 &>Jbj 

4.Jb .*>j^" ^ ^ L> 4 —j i 4 J .Cw I' JjS •I ^ 4 ^jfiJ l^-> jJ4^0j^l»b' ^j I ^4 _mi ^ CwoD » » I i aS' 

L^JJ 6 J ^£4*_) J <^JJ— 1 -k jL> J-^6jb-oLo ^JJ&4 JCsj4j j CoASs^j cnJjJbiLMj 

tL'Oj^’i ^ lj—1Jjjft ij4S* > I ijjj ^ .m. ^ 4—1 l«Lw»L— mjLj ^jLi <U . 6^4 * ij4^6xL»J IjjL 

• C*jj 4i IjljIIj-o 4 J 4«j4jIj4J ^j4^*j4j 


4 _. c^.Lo j j 4 ib 4 j jjj :Cirrostratus (Cs> ^ (j^ £>j4A AuAS -V 

^4^_t4*I ^J\Jj^4-mj 4 J ^ ^4*jl ^bjj^J bj 4*1 <^ u jd£b 5jb ~ l-Lo Ij-o 4*1 

jIj 4—i ^uj4, >i> .i 15*4—1 b^ 4»> l*\—>L w> jJ> .^45*4»wOj4^ ^£4»b ^*jj 

b^ . I-^-^jLo ^ jJj-^ <Sj^^ 4*_i u«uo (Halo)^Lo^ ljjl^4jL^Jjjb^4i 4JLi*^>»> 

^^Jj^4—^ . I i ) IS^ Y 1 4—1 j34j oU ^ 1 ^ 1 4-»6^bob £jb $ 

. Ajb $ ^jLf^L) 4j ^^>m^Sjbj ^ (V- Y) 4j L> 

j (iiJ^L-j ^Ssijjj^Ljb cc*JL>&i c^jji (|*^ ^ - A) ^^jIjj4j 4 J ♦Cirrus (Ci)jjAA ^wAS - A 

^bjjj ^jJ&4_i) Oo-L-^«-o ^yljjfc4 —mi 4^Lwm^j 4 J ^ Cw>^ d>4jJL> 4 J 4^ 4jjjJ $'^,wl c 

^^Jb4—> ^wyO L-J I 4—1 ^ CwJ( i CwjJJ ^ l^4aMf 4 J ^5^4.jD' j-wl' 4_) . I i l^j4Jb4j 

Ij—^j-Jj) /*' jljL> (jL-> j4^j6 ^ 4 j C^45^fi^L» ^jji^j |t-1^^4j 

• (A - ^ -^vwLw&O 


Yr^ 










^ULo ju (jjll) :Nimbostratus (Ns> (jjil) jljb 4 j jg 

c d^^l-wod ^ jjdjLwo Lo ^\jj L»^-^ aJ 6^ Lj iuj.) oU^ 1 ^ 

b^ C 4jIjL 4j .6j-*—» d&jbj 

j ^5"j j j_;<>jLloLo ^>?» .^S^cljL 

jj—> j^mAjJ 15^ <4_J >^L)I^ 

cT 0 ^* 1 — 2 ^i A ‘ l —J —-* 6i |»b si J A —f jl? J — 2 

6j4_> J<L_S^lI Ca ■ I.jS i C^—MJjji 6j b jjJjdSj&, ■ **> 

.(V-S ) 






















j 4 _ulI djj-ub 6 j:Cumulonimbos (Cb) jljb4j£>j4A 4S4i4S-V 

^ ofe ^yi S'^jjj> yjy4_i4b ^ yj^ j6jja 5* . jI^ijjj ij4__S' 4__> 6^1 j L> 

^L-jIS^d i jU> (iljJ-JiUb <^_S' (iJ^L^jL 4 j JjJjJjjy 4^15*0 i b*Ub fij4£L>6i C4jLJLjLtJub 

(4^y>/* 4__) IT6 » ^£4—S'^Lw*I) 6J«*Jb4j 'j^++> LS* 0 4J *^ ® 

— b^^J^bj ^»4jy ^yyy (^£jj-&4*j ^jb 4*j|»\j[S'66 ^Lmj bj^J ^4^4^ 

• bj * 1 b^bj\^^ 4 J ^ l-L>Lw> ^Sbi^*—* ^£&^4J I^4^j4jb ^jjb4j <0 .(A 

j dSs—*jjjj bjj^!b ^-jlijjj Ubfijj 4 -Jb j 6jj4_j j jjljL-i ^ jL ^JJb 4Jbo4j ftjj^Jb 6jjJ> ^»4j 

.jibjJj ^IjJj 

$^iju *u ibjjAA uu 

yl jL> yj4_j y 4 j C*Ij 6 ij4^J*J Ijjldf^b 4 j 4j4Jb jj<4Jb . 4y jljL 4 j <iljjj4Jb jj^o4Jb 

J jljL 4 j jby b y4ib l £jIS'L> czj^i *l£jO L^JJJ *^jb-> 6^l) 

♦ bjdS>ZmJ bjbj yj jbj 4*J ^bU^ (.5^ 

jLj y>j*LJb Cftjj-JyS' (ta £j^4_J a£ bjjAJb 4^ ^6jb j4j ^y Jj cUfijLob jj*Ub yL — ) 

6y&jj45' !«l»Lj yjL jljL> <Sj ^^b ^jiu& j4j y>L j 4jjjj^J^jb jb 4jjb 4 J ji 

4 Jb »** 1 ^S' ^Lj>jJ^ jLt ^pjb^^j . 4*jJ^k \j^sj^j 4»J 4^ ^b^^j <jJb^j 

iL-»j yjjL-i jljL ^j4_^4») 4 jJj4jC 4«w»b 6 ji^j^^ b4-»^Ji ^jrbj^4*Mj 

• Ol5"i i 

jj bU^ 1 y^bu^' j^muj 4jlS*6ijlS* 4^ 4 ^sj ^ ^^4Jb Ubfijj4Jb — V 

CCbjb6.4-^J jL-jljb J-JftjLwoLo jb Jj4u (^^ ^j5wL) ^jjJJb (iJbJj4Jb .(^j6j (^JJJ 
^^Jjj4—^ 4-J jlj^ y -*■ *! - > ^S* ^j4_S^4j 4_jJj .^Jajb4j yj6 i (^J 6 J (^JJJ ^6j4b 

. 4«»4Jb b yjj^ <,_^bjj*Ub jJ 4^ ^6j4j cfJftj 6y&jj4S* (^J 6 J i^JJJ jJ bj^oJj 














6Juljb<L-> £j-j c5bjfcj ^_£jj4_jb <.l«L«tbj jL^fijb iL-jjJi *U&jbob jjcLfc ^Sb&j - t* 

Jjj ^Um»mj jljb I »4j (*^ * ^g-<-u j 

C4_»jbljb jljL-i 4—i aJa£ L^^T*£ L^JJ^ <*^ 6 J £jp c-5bfij j ^b ^jj^Jb 

. fcjlj^f jjj jj4j j jljb ^ybjjj A*j 


*Oj^ 


^ Liai" t IS'^ ^" ■ ■• ^ a_1 1 -Sn_w i ^ <^1_^ &j jLe"L 

A/ £■ tcJ_^5”6J—*J (_#"jbj^” (_y , -'-' i i ‘ > - & j 8 ^ jl~°jP ^ (lPJ^ 6 j <_jjA^ 

jJLJfc ^L-I .6^1j-cu^-»!i jjj^Ub jLf^b ^6^£6Jjj *Ut>jbo b 

• Cu j-L^Lo 4>6 i jj^j J JU6jLwo Lo j 4j b^jb*4_Lc> 
















^ 0 


Lc-b 


b ^^jLujb ^£jLj><L> cJplj-b&i 


^j)-^ “■) ^jIJ> 5stV» * i ^d^bo ^^bs.jj aj (jrUw-boaj<» ^Cw. 1 1jb ^S*a«j&aj a»k ^ 

. C* ijJ^Ji ^ ^ />* a>j) ^jjj£^ m)+) J Jy^o IS* ^j-wO b a*J ab* (^jy^yybl 

i ^4 j ^6^ b^o l^a_> i j5jboJj ^j-wOj-blS* ^ IJ >j^wO^jL^^ t* ^Jjjj a_JI l.aSs.Jb-o 

» Uw J ft ^ 

L ^>\ j—bjjli !o ^ ^jJ ijL> j_» CbjJLb&fc ijlS**L_t jjLolj*LJ&jjb i ^SbLo 

^>4-b*> ^JJJ a_l fiJLbb j£ ^j.JijL> 4_t ^6 j4_j cJj4_^ 4_I jLf^b ^Jjt jlj^G 

IS* a^JLubj ^JjJSuL) 4-J jlj*C 6 J^J 6 J CfcjiCO^S* 

a*^»jbo ^a^JL jj t l-LjlS*bj6j j^— mj^J ^Juub a»_) ^ ^£j6j j^-mj ^5"b^>jL ^^oajbaJ J^j^Jt)J 
fij^-uidf^b ^gdJuj 4 J 6j .Cb-£>J£j&ib LLmjD i 6 JJJ^ a^>jb ^jlS^4-yjlj4Jfejjb 

♦ Cbja5\j C-wjfi i jbofij&jl^bbjLulj ^aj Cb^S*aJ 

. bjdujbj j^-mj^-» j^AJb ^fcjbab 6 ~ ^ 


^jjy—j (Cells) c yLS"iLJjL ^a^jlgibb ^jjj aj jj*l-& ^ 




. 6j4-» 


l£- 9JJ ^aJb aj ^jL-t b^JJ^- 1 ^j^-bLwj aj aj jj4Jb i^jj^ — 1* 

• Cbj5*0 ^jbo bjdSbjjdJ* 

Lk&^jajb ^ ^a^Jj^jLk dj i jPj^o^j Ljj6^ ~ ^ 

. 6jai"6Jj4-^ ^JJJ 

<Lj babfti L-Ssijj a«_$* ^1lji^L_»lji ^a_L»j ^^L_Sb>j a_b a_S^d^^ajb — 0 

^a_bj dLbjL> ^LojblS* jb»ja_^ IXuLdb ^jb aj *^3^0 ^^bJjlSbiUyJajb 








^CAJ 


jA_m,iaJ tjrv * > bfc-Ljjo ^Jj^ jU C*j^S* 6 i fi^ACyOj^AJb <^£A^o^ aJ Cl« o ^ 

. I iA^* bjj&Jb L ^ l Lj 

ctCCL^j Cw^ift iAj j-J ^^SbtA—S* Aj ^jLulj Co^S*Aj 6jAjbjbolj j bb jAj ^A$soj aJ — A 
.^A^Ajljb (jIojAj jjob cJjJbiLcw j jb aJ ^A^A^Jj&jb j jjt Lfc <iJ&j jjAJfc j^LmjaJ 

♦Jj4* (£>^ 

a»j ^^aj C6^ijC^-»b aj j 1^ b ^a^o^j 

^j^Uj (b bjLo)U l>j3^«j ^j^S"Li aJ . bj bbj> jj ^5bwo^c j^j d^a^»wj 

^jbj^sm> oaS* ^Aj>jb aJ ^^Aj CA.jaA^ {Sjj** 1 b jj^b ^^A.m^o Aj> b ^M +*^j bb! j\mmy 

A__l ^jIS^A-osJj djiyJ— mjJjC Aj ^oj4_^o ^^L_>jb A_I Jw5b> A_^oA«j ^CwoO ^bj ^jL5^b-> 
j I ^rbbU ft ^jjA , fe C ftjljl . *> jl S'ftjjO j < ^1 jA , > ^jIojjA , ft .C<^—olj&jb ^ A I ^~ *7* , j 

*V<lo coLS'o ibj IjcjjU ^jjojaJ jjajb aS'aDaS' cbj Convective Clouds (jjjja^j-W) 

aJ IjLjlSbojIjA^ 6 jAj j ^jJbj ^y ^jryL^jiAo Ja^aJ (Frontal Clouds^fi jAj ^jjAJ* 

»Ow J ft ^ ^ bj l-\jb-Mj^ 

*Jj4A 4^Jjl 


^ 4CL > J b I ^ ^£6^b>jA*j tcbojJlj JjAj> j£-j CC-Ioj j ^,* h S jJaJ^ yjdS jj A^ 
acIS*& i ^lojLS' C b^b^jb $ ^jmJ lx** 1 b Jjj o>* Jj^b 5 ^g ^bu*»o ^^olgjAJb aJ ^ djA^ojb^iAo 

Cb_CAj ^£6 ^jAo.Aj I^aS* ^Oj-oJa^ Aj ^-ww->tOJJa^ ^S>uy> jj^“ ^^CC o (^£jJ ^A*j 
4^o b^bjy^ ^^C-o aJ cbCjA j ^£ 6^jA»jijblj (^£A^ojaJ aS^ ^jJC o b 

A_1 ^j^jA —) 6^jA—ft ^aJo ^ 6^5 Aj ^^yjb A«*.«oAo L^^U-3-J (^^b» 

^£b^ Aji(^^-fcA^-06 i ^oA^oAj li^AC aJ 6^Aj^ ^bo^AS* ^Ab 

.Ajljjj ^jAf ^bjA-o 


\n 









l£JL 9J cOlb&ijfti bjbjb i ^Lf^b jbj^j libJbJ jj4J& 

jJ 4_t4Jk ^-Sb £ L J^JJ jj4Jb . &j4blb&i jj4»j ^*b*Lw0j4b j Olb&ijO 

^°j 6 tb ^‘Ub IjcL-j culjjjib IjuLf-b *lI |» Ij 6 ij<b*b jjAJb j^S^j i\jujbj ^jjj ^*oj*b ^^b 

L-<J> *lJ r * 4 V *t» *gb5 ^ ^ jJjjA*-) COL/L^"”* <* * ■>) ^b-44*-w» |^£&^b {£~9^J 

. ^J^bj ijS* Lmj b^b»J jb 6^ bjj^ . ^«u ^ C ^b b-u4* J ^ I ^bto<-J 















f j? 


0_jjl_jb 


1_> L^J 


«■ I_ 0 tl) I I 



: cjj$ 


( A) djdjlji' jLaj^^b j 4ajJj £$Lj ) 













: jJjUb 

4_> ^jjjOjLj ^jftj j^-m j—> ^-J LlO bj^^uj^Jbj 4_I 4^ jb ^jIS*6jCLm jj«*o4Jb 

^£jj-^> .) j 6 jj 4-^» j jljb— ) <jJbj »4j4^> c Precipitation (^j-jb—>b) 

» C* J L>6 ^ ^-J ^L-S^ 4_t|j4»& j4_* |^£4_b 4__) V,**** > J b I ^ 

4_S*4«Ljjbb ^£jJ^J> Ij4__i l jjj6j4 I * imi^j ^£4_b ^jjj4_m.i 4>J 4S*lj4«& ^«*0j4S* ^^-L) jjCiL&j4^4 —1 
lj4_J Cjj—I 6j4 - <«rf_ - fc4l4*J ^£*L_b j—*J lj4«_& ^^Oj^b* ^4_b JJ-lL-k j4S*4*j 4*j cCwoi ^ jljb 

. j 6 jj4*j cfJ&j Lny. i ft ^ (\3^ 3) ^ jbli 

: jLS^U 

j_j oLSsj 4_jL> ^jbj 4_tjpi ^Im^. i jmj o!«L-jjj ^j-tjL-ili ^6 j4j jj 
1^333 ^jjljli ^j!^_£ 6j4*» jj sC*-o <jJ. jjjJ>4*j 0 ^ 33 ^ 3 bjj^S \jb jb43 

6jlij—jlS*6jb 4^jJi ^-O ^ fij6j4»jjj^> ^j-&4«) &J •{ m £3bj 
*L_tjJ ^ i ^ L&6jj 4«& C^_j L) I ^ ^£jJk4«wwi6 ^ 4^* ^£4 j lj I ijS* j4«I j-i Ij«^ C 4«Ci Ij^Jfe jjj 

0 I* ^£6jbo 4^*Jj^ C 4mujjJ ^^Cljb' 6j4*jLmjJ J ^jI»AS* 4—I^J ^£4^Jj jlS*4bjjJ>U 

6 ^ Uu J ^ j^J 4»tjj ‘jb'fijb ^-i ^ J\J 4 J 6^jbj jL> 0 * * j 4 j6jj4S* 

. C-Cm-> CmJJ i ^j-Jj Lli Lj J^5Li ^jJ I ^L> 4J jl5*fi jb AjjJ i bj^jj aJ 

6 j 6 (Coalescence) jbljLiLu^u < j‘^-&j d 0 ^ 6 jb <UjL Ijuoja^ ^jj^ J 

fi j I ij—^»«L —1 ^«jjj Cm-ojCjj^Li Ij^Lfe ^>3 j&£ ^^lL LmiO jlu^LwO C 3 ^b 5 

6jL^— 9 ^jL-i ^L_ijJi jjJ^ 6jlj-’lj ^jpJb^^J . 6j^L j cfJ*^f L> I-C^Oj^S* ^^LwCmJ 

l-LitfL^"4^-cuj L j 6j L^-? ^ 0 b"6j b 4-) jJ ^ ^6 jfi j Ij^ 4 «Ljj 4^ Ij-^ ^ ^ ^ lj Lj> 









jJ Ljj ^S*A^jIAj J^&jjAS* AjjJi ^ L» ^ Aj ^jILA^oAJ cCJj^^& i 

’£3^3 j^++i Ajj aS*& Jj Aj jJ^ aJ 

j15*&jjA^ ^L-jjJi . 6 j6j!^> AjjAb*6i IJuIS'aS'A jjJi (jbAj) jJjaJ jlS*6 jjA 5* AjJ^Ji 

<jj I i I.A—S^AjAj ^A«^Nj^ A_J IS*aS^^-^ 5 —’ A_jtJpJi ^^JjSjj^aS Aj {J\mUj b Aj A.& 

jL-»jj6jj^ ^SAjbljj |tJLo *, * £, aJ 6^ru ^>\£bjj^S AjjpJi .(^boju^flj ^iL^bl) 

^-J ^ ijS* A^_cu aS" Jj-J» A <1 > ^jjA^j I i I.A—SajAj CjjIS* aS^^-!^ 5 —’ Aj ^ j^A AjA»& 

^A^oAj Oli —1 jjj I-LJLjIjJj aJ jL mj jjd jaS"AjAj j jjj_J u.wD jjAj A7>« >jJL) C jL-Sfijb 

j IS* A^jJi ^6jbA_9 jl j—£ ^jljl *> jjjLfejA_ SAj Olifc ijjj Jb-^ib j IjL-S 77 Aj 

A .>~i aS* IS* aSji^J ?^—> A*_tJjJi i*> jA .*'A^t ^j\£ bj^^£" A^j^ ^puA^^oAj ^33^^33^*^ 

^jj!jjLj A^jIS* jA_j Cjt—Lo C ^b jtlj A.jaS* 6 ij ^j-jfi i 6 jj*L^* jlS*6jb AjJpJi ^fijbAJ (jlk-bbjlS 
^Jjj— li bo A—) ^jb<i4 ^A»mj aJ ^JjpJ ^ JjJ ^jJb $ Aj I i ^ ’Aj 6 ^A*^A*jAj 

• CvJfi ^ Cw u jj7 IS*6^ b Aj i ijS*A^ aS* A.I jljb £u^Jb |»A») . <*11aIS*& ^ A^aS* b 

x b AjL/ A) jl^djlj 4^jiJ^ 

^^A_) ^ L»w. l i ^ £ 3 ^ -3 A^*^f L> lwL«MMil^d^b A»J 6^ I ij*^A 

AmcW ^jAcU jI>aJ ^a 5^A^OjAb* ^aJ.) A^6j^^mjA*j Aj>j b Jjj $ 

C b >t» * ^ai £- * — ^^OjA_^ ^pA«_b A_1 LjA«Jb Ow- ^^ ^ b-^ bJuj £3 b A_)jpJ^ £j3^3b 

^ O li* Di J L^ (ICG DUCIgI) iJ^uj^j j L. A_$* jbj-^A__ aJ b **» ■> »^5" aJ A_$b> AwO A_) 

. (AjAjb) Co^oj>aJ (Deposition nuclei) jj>>bljA^Aj ^jb IjuJLjbAJ 

li 1^ AJbAj ^ ^ 1 A_i ^ J 1 < > ^A_L) A_l J ITA^wbjJbA—i*i*ii a 11 . ,;i tijS" 

^pA«_b A__l I i b^S^A^_» A^_l ITA»wbj-feAn.^,1 A>Jl * **» ■>A_)^jC . ^jd£b 

^A_b A_1 A_j . I i ^,g ^ * — ^^o^jA—^ aJ«j aJ ^_>jjj 3 ^ C^jA^ 6 i A-»IiA^ I ^ V^ — 

Y£^ 









^ Cbw>D i Jl > u> *>j5^ <d IS*L^$bw> ^yj i * 

. v ^JLujiLub5 jlb&jb 4jJJi 

c(o^?\—II Ijj IS*6^jL* 6^b ^l^uJ jS* 

^lH * »** >i^L—I cXw ' t ^jJb Ij^lbo jb 4 —j ^ <L—1 ^i—i ^»o«J*L—& * „.^uJL 

4 S^ Lj> . Q>—<-> ciJ^_> i * *V» * A ^*L_b D -\j^L—^L_I Jj ^L-w 

i Cw^i jj4j 1-L-S^tfU L_*j bj IS*6 jjl^^JLbj^4-<-fcf ^JLw^uih J ^ 

C&j*L-Lubj> jLb&jb 4_^jJi <*J jb 4jL*ib 4-tJj . 4_»4Jb Ijjlbfcjb *UjJi *U ^Jbj^j 

^L—>(jjJi ^jb*4-<^ l^^-I ^ jj\ j**>• J b-M^ I ^ ^1 kj 

^ bj^A*^ A*Jbj\j&3 b 5 b b $ ^Jb-M ^> ^ . CX o ^jlbfi^b 

j bjd^ujjbS \j^j[jbjbj\^>^Juj^S ^jlSb_I 6j C i) jjjL-ifiib ^jfij i^SjJJ jbjA^> 

iljJL3 — jjji\-j>^ ru ^jbj-b ^jU *L_> 6jlj—^»b jj^^L-ilSsjj (.C*L)b i C-wj jji jljb *Uj-b 

. (Bergeron- Findeisen Process) 


^jLb* ^L_l i cfJb^J 4»1b-M^ J ^ 

L^Jj ^a_^4jljly 6 jjj ^ cjabo c^jji (Snow Flakes>y4j jj j J^bbJ 

^-ll^J^-t Lb J Lw ^ ^> ^5* ^jbj\mAj ^ 

ijpjd^A l ^j6 ^ ^ ijAm—Hjd^^)b ~ L J jb'd » ^jlbd ^j b<M.i bJ-jj &— fi b”4 JL*j^4j 

> <L_1 4 * Lb' ^L_l Ut—uO jJbbj\j^3 ^L—II 

.<ZZ->b5 CwjjjJ^J ^jb j 6j*Co jj4j l-Lojib^ ^S^iuljajb 


: jLSdjLj 4Jjih ^jb4S 


Ij-ib^b ^jL 4-J C6j6jb4_i ^JJJ ^-1 (^j6j b i 45^ ^4jljb j4j 

^-jjJ i . j LwJLj L^Sbwj j ijj b Jj bjtCZjdS b i jL^JL^ . ^>j Ub . i |^JwO t~ * , C j b^ 6 ^ru 










4-jj-b ijJb i pd*U&4j j 6 j6j!^> (L)jdS b $ ^£/ljbj&4j ^jlS*6jb 

j_j ^j— i l-LJbajfijl j^*LLj^ libJ jjJIj (jJLo £,aj jjbjjtiS ^bjy) jbd jj<b" 




bjy (ibbjb *L_jjIb C6 jIjLc> *Lbbj|jb ^J-Jjj y jJLub*6jb 4jjlb ^6 jIjAJ 

dbjb 4-tj-b 6j cCojLuli <bb (j^Lo^jb* /^}*o\ * * ) ^I^Sby 4 j dS 4-t!j5bu!jb <d Cbb 1*1*0^ 
^^L-jjJ i 6j . C*-jj L-> I i <ib (^2 wo^j IT /^.Lo ^ t*) ^ I^5bj y aS y> l-bbu Ij b ^-L^o Y ^b jy y 
.C*Jjbfc i (DriZZlG) jljb 4 jC ^bjl++i y Lmj<U |*bo * , 0 ^6^ru 4 j <iJ jjJ>o 




^_>jL_>b cbjrLfl»>.i>ii^j ^y ^lJ IT4»» >b I » b 

mj ^j-jjbb Aub jJLcu y -bjbj\^> *cbo jJj>jIjJj> ^&j2Lcu4j J ^*bb&i j ljL> 

jylu J J^JjJ jb J \^ 4-» CC*>lS^6wLw» ^jlb 

jL>b ^jLb&jJjJ> . j^^uj ^Ajjdu ^Juyj j dudjb ^jlbfc^b ^£6 jL>a3 

• ^ ^ b j&j ^ ^jl^b ^ ^ bU^ 1 


j)jl t :^4£4 j 

c bj bjd i jjjo jbji i^jjj 4-d bwL >yjjj 6j <• <u_»jbb ^lb&jb-b (Rain) jljb 

^I ^j15^^>j b ^jIS^^JL«j> ^d ^^°j^5" ^^b ^1 dS>ijy> 

Cj[£bJ-L> CwjCO y ^j6j ^JJJ i ^ ^4jljb j^Lj ^jyJjj *6 ^jbj 

^ b^rb-cu^jJbj ^oj^S b ASJjjdS IS* b b^"^b C(^J^-&^4i) 








jlj_p aj &jIjL^> jIjL> ^jj-i c6jljL^> 6j<u-L>jL»b Jj\£ j ji ^Jjjj d jljb 

(^L?bDjjj b —** > b ^jj—C iL j ^jlS*a^>jb aj (JL-WJ /|t—MJ f 0 *) 

j^wblj JL^i j jlS^L-Jbbo a^>jb aj (JL^ I^S *) aj JLoaS* jj blSb»^oaj j2 ^S\S*a^» 

aJ a_>ajIjaJ jljL-i ^ojL-i ^jb£* ^Va_i .CojLo !-L»a*>jb ^JJajb aj jljb ^b jaJ C-JoO 

^L»j6i ^lS^L>jb cfJfij CJL> Ijub^j ^JJ^J aj jb cb**ib ^jj-Cub dJfcj CJu ljlL>jl& ^jj&j 
j ^a_!T a^ajljaJ ^jiuJljb &j • jlS^a^-t&ja-^a^ a^>jb <iJ&j JL*/ ^jl^jji aj jb cCwJj^jb 

j ^j-> L j-zi **-i oUW l-bb^b^jb aj bj -CZj j>>^ jb jb dJj^j 

.Co £b i 


*<£#&£** jbM jdJjj 

^6jba_i (. e* ZS—*+ ) <Ub 5 jLS^fijb a^jlb ^6jbai aj C-wJb ^j> 4j jljb ^ ubj^ 
a^$* <u drizzle ajj Lw.». b Jjj d^ajcab 6^l^ba> IS* b ^b a^j 

jb-JL.JlS*&jiy jb^ftjb a__tjlb i|+_Lo * , C a_l 6^/CS*jba_£*6jru j bD a_jjlb 

^tlj> ^jja^aJ ^ja^_i6iLc> ljba^jg j^ 1 (jb«*jjbb ^jl^ab b^ aS*a*jad 

jlja_j l-L-<^a^jijjb jaJ .C^uajb jjaja^ C-ojb&i &ja_Lc> 

^jj^ja^_i ^jjba^ aSbanXa^* ba»J ^j ^jlS^a^jJ^aS^ a_o i^a*jab 

^jaj ja->,.. a_ijb^i LS^a_j^ cC^I^Lj ij5^^1'ab* ^ja_^o^b ah' d^d^ja^j^-wj 

*l^jO l^JJJ aJa5b ^bj^j L> y^SbZ aJa^o Ijjl5^a»w»ljajb a^ojjaj Ja5^aJ CU*-Lwub&ij 






tji? ^ jj uJjSt* JdJjj i^llu ^d$U 4 j jljb 4b 

. ^j^Uoj-L^ <iJ <U b 6 ^jLj I »LmJ tjrUwO ^«jLo (Light drizzle) dj— ^1 jLai -\ 

> --,fi olj-p ^ 1 »LwJ ^LwO ^6 jLo ^ (Moderate drizzle) Ju^jLloLo ^IjLu -V 

. *U I i ^j4*0 jJ-G* 

•,fi J 6 Ijl-jIj Cru_u ^6 jLo ±S (Heavey drizzle )j^>4_. ^1 ljL> ^-i -f 

4«J ^j4^_»6^Lc- .jJLo * jO 4__1 6 Ij 4«9 »4»J ^4„j^ oU^ 

^L-S' |^ji 4 S*j4 _m,i ^*Ojj4_t j6jL> 4_S* 6^6ji mjA_» ^£4^4J4^ 

ij^[j4«j 1 4^_t A*—)b j\j&3 Jj-J <w^liO ^jL-^6jLj ^-J jj ^ ^ ^ 4^* ^j4,*o^Lj 

^j-li^j ^4^ 'd*ujj> ^Li4j jIjL cJpljJfii .|ti-oO 4 j15sj (illjjJi 4_»4 jIj 4J 6j CjIjL^jC 

: JL^ ^ Jfc 

.CojLo Iji^Lojjli' J jJlo Y,i 4 j (Light rain > ^IjL - > 

4 J ^Jlo V,0 - Y,0 jlj-4^ 4 ^ (Moderate rain)-LJ6jLLoLo ^j! jL> -V 

. C-Oj L>6 i l-\Ssj 

Iji^j^Lo^jIS' 4 J pJLo V, 0 4 J 4j 4 ^ (Heavey rain) j^> 4 j ^\jL -f 

.CojLfi i 



Y to 






^LT 4-J Ij4_& CvCCLf&i Cwojji 6j&jCj&4_i jj4_j L-i jb 4ojJi 

• CwjO oU^ ^ -3 ^o b*4 o ^ c>mjO b^b^^uj J£j I Jub 

4-/3Jj j jj4_t <j Lo jJj b i C 6j4^jjJ^ Jj4j* 4j Co^Sb CoI^J6 i obb ^/U j ^ ^ 

•u-’bb ajl^ j jjsj jij <_^bb j obb 

:( ^umJjLuuJI ) jljL_j 4jJ j mil 

jL>L Ci ^Lj 1 c^jIjLj i^£j—> 4o4»& ^Loj^j jl^L-> 

^4_b I » (Ja^ J L> cCoj^ fi ^ jl^L> b i43 4b* ci-o IS' SjCww w' 4^ OwjO 

CCo& ^ ^S*^o6^bo J£j ^L4S*4jl^b Cc-o^b&i oU^ -? O o 4^u l^4«k 

a .~ . 6s 15*1a. J> b ^ I I ^ ■ ■**' bo ib ^ c^ 3 L^ ij4_o J^L—$*4J ^L4_o34o 

.6 jj (^£jbljb ^jlSboiJj JLaa£ 4j*jb j (^J^JJJ 6 ^ 15* 4j*j b 4J 

:4jVL> ^4j ^1j4j 6jIjL> Orographic Rainfall jljb 

^£4Jo 4o 15*6 i I j*>^j 45 *bj l»LwC 1^ 4Jb C^j l5*lo> ^Jb ^43 Jjj 45 ^j4«o l^j4Jb ~ I 

. 4«*o45* ^-<-C/ 45* ^£4ol^j4^ ^4o J45*4J ijjlj4j 4j jjjjj ^^-ol^b ^4ojb ^ 0^^ j-o 

<Jj-i ^J^^bjj e£i-fc ^CCoC jljC_o ^b 4 J jbu.^5* JJJ j jl5*L> ^JbjAjjjJ^JjS -O 
^L 6^4 —06 ^ jj^b ^6^)4 j &^&j^5*b 4 J i^)4o j^- ^ ^43 4 J ^jlS^Lo> .jljL 

l-Loljbjjj ^lS^iDLji4J ^lJ jIjLo j Cj^ 6j4C^ilj6jb ^Lj6i4J 4^ CCj 6 i b^JJJ 

j4_mj 4J Ub6jj4_& .Ii4^4^>jb 4_I 4_Jojb jljb ^JjJjjj (j^4-x>4j cCCjbfii 
djI^C-C Lo j*L_j dbColS' iU6jC-C jLo4j2s4j ^^jjj JjJj4j ^jLS^L> (^Ijbjjj 

• Co: ij4uwc^ ^Lj D j 4 J4^" 






(Lee side) *>j4_jp 4 J jlS"b^> ^Ijj^ <clS*o 4S1 j<l& ^Ija L> 

^1 jL j 4Jwo& i ^jcul-LJU ^6 jb j4j j £*Zub i |»J^ I-L-L>j4jb ^jlSbJ C6 j4£*jO 

JjJ—!>4jj J c£*— c yli'L_> ^b**L-tbi4J . (^-^ * jl—£) ^bbb 

. ^jl^jb j»4^j ciblij L> 6^j4j[jb 4 j_j 4S*6 i 



^jj2SiLjCu4j J uLi'j i tL-Zl<t£ ^^\Ssl>Lj ^>jijjL^ J Ij4_& ^ (j-LjV jJ>) 

mi ^jjJk4»wwf4«t ^U C 4 j ! j b 4 j ^>JJJ 4^* ciXjj^4Jk ^4—»l^5s-w» 

^£6m* 4 J ^^-uljb ^£jJk4«wwf4j^ |»4Jfc^4j ^bj>bj> ^^jj^4Jk 4^* 


.jljb 4 jC 

^j|jlj4j 6jj4^*j4Jb ^jjljb jd^jj 4jlS*6i jlS* 4^ ^jlS*Lc> ^jj4j — i 

cCwJfi ^ ij bo b^j 4^*6 jijJj4^j4-mj lj4Jb 4 ^sj^> CC ^- 1 6 i ^jbj Ijb OlSb ibj jlS*bc> 

j 6 j4jjjJ^> jjj j^J C*Ij4j ^4j jb4 ^*Ujj4j *U4jIj 4J jlS**Uo<b* ^jj4j 6 ^J b> 













aJ jljL c^Lj ^ISbjjb l5 Cj4j 6jljL> jljL ja^aJ ^jaibjlS" 

aJ Ij 4 -Jb a*_$* a_>6 j4j ja_ 14 J ^ 4 -^o4j <.«LJ&jb ^aCC-T-C^ 4_I cfJdj 6 ^jL-»j bb*Ciji ^4«CCLCu 

^ aCCC- J L-t ^Ij4j2b aJ cfjftj 6^jLj ^jb ^©.Jajb ^SsJajb ^ b l_p j 6 JLojtiS bLjji ^ajCCCCu 
^ jj 4_i b_> ^£a«_Sb^Ja»I cCC— rw>o ^>^wj> lb" bjj^u b-> a»*o4o . >4j&^b 

• Cj 6 ij^aj ^b ^-oJajb j ^ ijb^/ ^aSH^ajb c a^oab* ^jljb IcjIS* 6 JJLb 

I-LCjjL& ^jj&j aJ jljL> a«^ojj^j^a*j 6^a^_i o boaj_> j bo ajb ^a^cub 

ja_» aibj_> C6j^>a_» ^ b-u^b ^£j^-cb a«I <jl^b c^jb-M^j <Sss^3 aJ 6^->bj 

c j;jL> ^-aJa*& si lo^ ^bj6^ b ab ^a^jl^a^k 

b-» ^^o»Jata_& ^■^oa.b ^a^_tb L^-oO j»^b ^abauljb ^ 6i^b^ abl^a^k Icjb-M,^ ^Sss^^ b 

.IjuLj 

* j^jD^H iPb'-H 

lijJj aJ ^jbj ^jjj ab ccCj 6i cXmjjj^ dCob (ConvGCtivG Rsinfsll) Jjajjaj ^pljb 

jfija t j ^jaujau^aJ ab CCCd i ^jab ^jCa^ljajb j4j jb^b c6 jd jjb- ^S^J3 CCCjd i r y* 

^jCjba_i ^jjjjdS ^^JCojjaC j CCCdi jl^Cajb ^^rbjC>b ^bCjb ^plcJajbja^ 

J CU_1j 6i ^jLmj »l a_> abl jajb cCCCa i ab j>/JL 0 ^ ^ab a-wd ab CCC& i CXcujji 

•^j6jja*j ^jljb 5 j 0-w»5i CXcujji J^jJojaS* 

i |»^a—S* I»Lj L^a^fija^oab' a^>^b a_l 4 j ^iLa^oao 

j J— XJj£ j jjjboiLC aJ ^6 j4j (iJfij JJ 6 JJ^ ^aljb ^J-&aCCj4j jljCCu ^Ija^fc 

l-LCli^aCbbu a_>jb aJ ja_o^6i a_i jJJ Jjftjjaj ^Ij^ 1 * bbjjaC aJ a_»ajb ljjlS^a->bj6i ^b 

. c^w o ajb i^j ^-C ^S^aod^ L>^a_M^ a«5^ aSbob* CC- > j b& ^ 












aj l«LJL)jUbj jb&a«_) £33^3 a_l j^^jj L& 6 jja_& 

ciaL-$^ 6 i a-^aS* j^j&a__> ^33^3^^j^^uj ^ojjO ^u-jo ^ bl$Xjj-/ 3 a«j ^jl ^ b33j^>S 

6^baJ <.<jL * S a^o ab (^ 33 ^ 3 bo^aS* £^L> £ 33 ^ £ 3 ^^ 

. bjj^j 3 jj>^j L ^?\jb aJLu 6 i a 5 * £33^3^3^ i^3i £**+ > 33$ 3^ 

Ljr^JJ^ J>3JH. £^33* 3~t ^4^ &*-> ‘S^b^ b** J c£J 6 j lPa* j*J^ £j^J 

*L_i Cw^d i Ij^Ljb ^ 6 ja_j J_» C«wL>a_k (iljj^LJ^Jjj> jj_»a»_i ^L^w__)j^j j jlJbtU £33^3^Sj^j 

3 jl^L_> ^Loa^ a_I c^*.i j_j s ja_l,b^j> ^a»j a^ajl^aJ l b3b j^uj 3J C 3 l$b ^3^33^33^ 
jjL>} j[£ bj3<A*S 6 jbJu .CalSsj ibj ^j 6 j £333 £j.3 £**+++> 3 jb j 

£3^ >6 ^-3i*- ) ^a-^oaj (^oja^ £*^333$) 3—^3**^ £3^333* ^ ^^a^-jb aj 

jjjj ^LjL u 1 ^Jjba_) CU»>jja»»li ^333*^ ^ jjlS^fijbli ja^aJ ji^jjaS^a^ jjaU 

.{jdSbs dJ*^fL> 33^3&£3&*m ^jjaj aS* 


:( jljb 4aJ^)4L_J) jliduJdjAJ 4JljL 

b-LJfijb ^ajLli*LjaJ ^_ijbb aj ajL^aj_>aj (Frontal Rainfall) jlS*a^_>ljajb 6 jaj ^Ijb 

^*0j^a_j .^plS^uljajb &ja_i ^jjjbjfc a_^ C^ lo ^ a_^Lojj 6 jryL^J^jc aj ja_j ^jL->jji a_£* 

a bj^ ^ a^^o^aS* lja-jb 3^3^ &£‘b l^a^ a^^^^b aS* (jb—tb* ccx jo j^j^aSba*^ 

1 ^ ^^ ■ * ^j-fra * * i*u ^ aboijL^ 6 ja_i ^a_^ 6 ^&^a_«j J£j &^ajc«w>& ^33^ a^a^ol^ajb 

.j^> ^^Sboljb j jljb aj ^abajai" £33^ 

^IjL . !«a*o^aS* £bj^j b3^m^jb^33^ ^3^ £ <j*b-jlS^ Oui ^ ^jboa^ 

C1-1 jb& ^ ba^S^a^ojj 1 « ^ja»pa ^a*_>^ b a_l £Zm^j 15 ^a—> ^ '**' 3 . l> 'J **'3^ a«j 

Cyclonic > jljL a 1 C*-j^j 6 ijb jLj> ciljJ-Jajb . a_ 5 ^a^oja 5 ^ j ijL**/ 6 ja i ^jl^jj^aj 







I ^ ^ <£^ UL» * JaS *^ ^j^^>Jub (Rainfall 

.(^4-»6JjL» ^Z>*J) OojLfii 
:(djdjjjS <pijb) jljb djfj£]_S 
l-LJlS^ub ^7^ jSS^^j ^4_>jb 4-J (Convergence Rainfall) jljL b jl^J—^ 

^b^mZl b^bjkmt*) JjJ b^^mm^jb 5 JJ^U LcU b» ^ CwW> S i <jJ ^ C <w> \ $ 6 ^33J 

l&6jj*LJfc C -W-M. I JJ ^ jljL-» j jj*LJ& j C-wU&i (iJ*^L> 33^3^ jcLmj C 6 jdZZ^b 

j L> ci—>Jj*L& 4^ jj>kj b 2 4^^UD j^ww bo4Jb 4 j I^ L m L « »' <OsJ^J d J 

.jjj /jt-Lo re * 15 ^ 6 i 

(^-S*4^Jj^ (jlj) 7 >) ^ ^jljb ~ S'* 

<S ^“^ 3 *y ^jl^Jljlj (^b ^^mZZj^Ss^ f jpkl ^0 C UJ 5 ^ Om» u ju ^ 

• ^^>m^j\jj\j |Jj^^y»J^JJ O'-wOi <w*«CU^i J^mUj 

jb 5 Z^bj Z+ V * >b 5 Z* **3J^ bjjd mm S’ j4 .Ml^j jl jL 6^1 j£~ ^ 

3^^ 4 fe ^L—1 ^ • *w*—< ^ L5\ mij ^zZ-Zj cibw* IS' c IL jS^j *^f J bjj^*Sb*»9 

^3333^j^*-+^ i m 3°33^^ > 3 bjd^Zub jli*4—>b c^S^<A«_>b^6i j^j ^L—*15^& -U^L£ b^ 4jIS^ ^ ljb 

.Cojbfii ^iL>bj6i j^Lcwid jljb j CJufti Cw^jji 









: jIjLj 


4j<lfb j 


jb&i IjjIuC^baJ lS ^4j|jLb5* 6 j*3LmA£ jaJ 6jl^rbj6j a5bijb 4»^4j 


&j4-jb*&jj4Jb 4-J jljL ^m-Lu Jj 4-tfcjLob (j^kJ (N/irgS) ^jljb 6 jL^ 5^ *^j6j ^£333 j4-mj 

4_)I^j!^^JL> . <W<U»- > 4— t 4*^J> (£3^ J {£333 J^-WJ 5 

4 -£ 3 -b ^Jjj_( pj 4 _& 4 j Jj ^Jjbjjfc jb ^j&JaJ 4 ^&jj 4 jfc ^^Sbu {£33^ 

•l£jO <£333^i J b-LV.^t A^* o^jb 


{£333 £mj 33 *> 3 L 'dS ^ijb ^bjJj ’{£ 3^3 <£333 l^J cLlljb ^ 4 »j 

/o ^ » 6 iLc> . &^bo^ 4 ^ ^aJu 4 j C^wj b^j^j {£^^3^3 (^£^3^ (3*^ ^- , 6 ^l^ba> {£3^3 


^^^333 4_ S * Ijjl £aS\—£)3 3 ^3^^ 4_^. jbb -> A*->3 b 4_1 {£3^3 <£333 aS *4 j|^b 

^<C£ 3 iJL-) ^^J>jij jJ %V * j jlS^jljJL, b j ^ 3 *-^ ^>jb ^ 0/ °^ * 3 |*J‘Ub< 4 -) jlS* 4 ujJi 

Sbo 4 «J ^_$s->Jj 3^— > 4 «I L l^jL$*l» > 1 <£L_I ^jIL 4 _^oaJ jjb—C 33333 3 3 ^b3 b 


. &jajlS* 6 jj 4 jb 


:(Jj£uu 6 J ^JljU) 

jj —> 4«_t I J»Jj4^ ad CmO ^ Jj^«*o &£ \j I 

3 QajL—c ^^Jj 3 ^ ^4_$vjj 4_! jljb ^Sbbj 6j C^j4«>ljjbj 4^* ^6jb j4j ^jJjljb 

*L_i jl £*—m 33 5 ^6iLo (jj»j|^j) ^yJLbtij a_i 6ja^6jjajb ^ 33 * 3 ^ ^ b*a^Jjajfa^«jb 

a—^a^* ^—»!lj-^ a_i ^6^a _i 3 _j jb (Cloud Sooding)ba^6jija ta & 

^^L-Ssjj aj C *— j ^b $ ^>a^ Ijuojai" ^ ^jJjljb .6jja^ Jj oi^j 

<iJftj c a_j4jb jbjjb ^_)j-o.Jajb ^bl^j ai" ^aJ^fjSbfii jaJ jb C6 j4jj^j^> ^$jb ^bj 

. LjJ-o 


Yo^ 








^£j^ajb aJ CJ&^J 6 J'OC/b li ^Lmj ajk aJ ^ ^ J&a+i 

OlS^fi-LJL) CXmj 6 i jlS^fiijLuj bJuj 6jb 4_»jJi ^JLuj<L> 4j IjjlS^ijL*! fcjjajb aj jjjljb 

(Silver lodide)j_>j ^«L-ojj j cJ—bj ^jjjLS* ^obo iLj ^aibij aj 

^Jj&a-CCLiaj j Co jJLjj_» 6 i ba_£*fijjcUb a_i (^CJ ^S*a_ta 5 b»j a_> jL-») a_£jjd ao jlS*&ibo c &j& 

a_I ^ aj 1«.,> t.jja^x* ^£&^boa^d ^ ^£*o^a_£* ^a_b »ja*jb 

jau6 i Lx. . ^jad *b i axiad* 15*U aoj^J^ L«^-> ^a_M^aJ ^j I^^ao ^ C^-oo ^ Cu^jj >2 I iad"6j^a«& 

j-LjIjU ^jb j^" »C* >j L>6 ^ I j U ba^dji^ajb aj ad^obo ^j-CLb&^ aJ ajou,iyj 

t <w^■ C C^. 1 ao o jlSjjb <cbda»*ojb* ao o Xw o 

.(^ia^cw C — ad oy .' j\^aS ^aJo 6bb ta^&j^a^ ^aJo — ^ 


. ba_S*i>jjajb aJ jL^jS* ^jj-bao ^JuLaS* ^IS'lSvojj jljCJJbjlibo ^^Lo - V 

• IS^a.cLwo5^ LSbjj Lxjk^IS*ao ^ cJaxc^-^ai 5 j’oCilj adjjjd aj 


0 * * aj CXCL > yLj ^ad”^Loj^JC-^awi a V*** 1 jCo j a*^\o ^ JJJ a*_S*6j^ajb Y 




o ^i ajb a JX « o ^»w> ^ ao ^^o^lbad^6ji^ajb aJ ^jb> ^»o.Jajb ^£jj £■ 

* 6 JJ^ ^ J* 

L^aC I^ 5 bloj bjj^S ii ^Ssjjad"ao taS* 6 jjajb Jj jl^SbLj ibo ^ 1 - 0 

j*aL^ jLS^a^jjJi ^fcjLa^ ijaj j^j-> <£j}j <.CCjLb jljb j CCud ^ ^ajlja^lj 

aJ»ai"b j 6 ja_Li& i cJjja>u jlS^ejb a_»jJi j CCL 16 i ^ajb bjJJ ^b ja-^aj jb . 6 jajlS ^6 i 

cJa_j jajb Jj CCsofi i ^1^ V 0 (Jbjjj^j jjj ^jJu^jj ^6ibo ^1 jSblj ajji J-> ^j6j 

.Coj\-» 6 i bai^ 6 jjaj& aJ ai^aijy ai" db^ja^ojJuS" 








jljL bj I ^ ^wwwJ ^Cu ^b^ CI^*^b jjjdJ^S &^4j«Aj!jLi ^£jb ^ 

:doj 6cJ^ ^jL>jj^ jJ^Ijb jb^ ^<u .olS*o ibj %Y ♦ - V 

ljul jL 6jb^S^ ^-A^b I j CjjjjljL* jjjjL>^J ^ — ^ 

IJlJIjL *L_» ^jj*LJ& 4—» 6iLo ^j^Loljj ^^f*L_> c^jL^Sbj dJjjj*—* ^jb 4jjJi ^ ^ Co^Sb 

jlS*&^j4_S* 4__tjJi ^jL*^> j4_^4i^J jjj j\j dS><jj> ^ jljb ^J^4JLo4o 

. C* tjbb jljL> j 6^^—*J6 ^ ^jCt-» J IS*4^^>Q ^jjJi jLC/b C<^4lS*6i 4Cu4S* 

^Jj J&4-JLCj6i lj4o C^jIj^j ^£jb aS <ibjj4J& j£j i^Sbbj jbofcj4j^j^> ^£jb 

• <S3^ J 4j j b-<-<.«i.Mo4S* ^jo4j b^«j ^ ^£_jb 4o jJ^ ^4— 

. 45*4jJjIjL> ^jb^S* ^JjjdSjA^j 4 J jjjjbc„b — Y 

j*L_j ^jcUjb 4 j j ^1 >j-> ^Jbj^jij ^jJb^CCjaj jJoljb Jjb^S* -f 

^ £L_S* ^j ~ 1 '6'^J ^L-S^4 jmL> Ij b I 4 \j^ J^-oS 4 b b j4^* ^ ^ C4> l$bc 4^* ^£4 j b^J^d 4 

. Ijubulsbujftj 4 J j-'jb jljb 


: jJjb jljb 4^4lbbUy 


{£^J ^—> C4 j«j *2\ 4__l 6jiL-ojbb ISb ^333 4 J jbb 

♦ a jDj I^£4 j b 3 ^<4 j jj ^«bjo jl jb Co>j5* d 4 ^Ujo . fij b bw> 

j j^5"Li 4-Ju 0 4 J cobojjj ^6 j^olS ^^>jb ^jjO 4 J tjjJfijtoAS ^t&ULU -) 

4 _jl$*& i j CX—Jjbfti Ij—_>Lo Jl_ _ c^lj_-CP ^^ jljb-^ C^j6jiU^o4^ ^jj ^1 b 

.(i— (Y 0 ♦-> 0 •) 


^jL ^4jjb jj ij4Jb jljCJ 4odjoj4^ <oS" <4 j b4 jL>j b t^J QjAaA& ^y44 < (<Hf« — Y 




^*^ 4 j 4JL-41 


4j^4^4jljb . 4 J 0 ( A - 0) 


Yor 






. 4_ > b4b> ( ^ A ~ A) ^^lJjL j IIj-JU ^^l_>j b 4_I ♦ >»Ltyj ^Ajua^m -X 

• 6 ^ 4 J L>6 3 IwLLj^Ub {£jj^ 3 4 J &j\j)\j iJ*Jj}j 

Jfri*-»j $ij ^^jljba^ j^J ^oa. ; . ^^, ^ :^jUj^ -t 

^4_$*4j|jb £rCo6jj4^_t ^ J*Jjlj4^_t <SjJ) **' ^ -9 O * * *° 6 Jj^* 0 i I»4 jIS*&j6 

.4->b ^ (Y ♦ ♦ - V ♦) jljlW 

4_I ^4^4jIjL C6jb I^L-miLj ^j*^4.&jjj (^JJ-^b J jj-cib 4 J (yA&JUuJM ~ 0 

. 4*jb (Y* * * - ^ 0 * ) jl^ju 4j ^4S*6^J j Cojbft i IjLujl& 

lju yJj6jb ^L_jjd a j;jjo ijlj—> ^ISb >jb 4 I :u—wljdjlj ^^7(o ii(i(« -*\ 

^jL —> ^4—ijb 4 J IT b jb ^l^bjj^j 4 j4j^^j^ 4S* ( ^£4jl>jb 6 ,^j6 ^ 

Jc« b ^<L.wwmU aj 4*_)6^4 *j IS* 4^o^j 6 jrUt—yuj^jC 4j ^£j^&4^_t ^4*_S* 4j|^b . li ( £■* Y^ * ) 

• 4j Ii (A * * — 0 * ) (J!^«u j I JjLw^ j j 

- X* ♦) jljJo 4J 6 jL» |julS*&j 6 jJL^S* L p'i‘U*j}j ^IS**jljb 4 i" 4J ^^Lmow -V 

. 4UI i ( Y * * - ^ * * ) j I 4 J J 4 JU I^jj i 4 j ^4S*4j Ij b <‘C%> ^jjbub cfJfij 4^j ( t * 

CZj^Sb^jb^ \jj[£bjbj*L-£ cSb^jij ^^jljb^ 4 J : L j>jAJ ^4u<(bug - A 

IJj 1. w *'j {£jj^3 4_I |»*^4 —1 C 4 JL„. 4j ^45*4jljb C4j«j ( A * — £■ * ) 4 J 

6 jdi-+jjjl 4j j4_j ^Jjb4^ 4j|jb . li (YO *“ V *) jlj—I j 4 J (ibj^J *L_t CC^-Jjbfi i 

. i 4^4 j>j b L>jj i 4i^ 4«)6 j4j bojj 

(jlS^d jbj-^S) jli^4jj4i^ jdjb 4j t dJdjLUU ^^UjlL£j 41 iiiwj ( ) (jA&dliJM 

IiJjLjJ 4«_1 45^4«»4^>jb CJ^L. ^l^jj^o4«) ^ b—wb ^^Luj\jb ^b cfJd^ C«jj4 S'b 5jb 5 b 







) j CJSjU ^ !«LJ-jL& j jL& 4_) ^JJ&J *d jljb ‘ ljJL>jL& d j ijLwj 

. I Ju LLmjj 

6 JL j jjj ^1 jL C6jL IjjlSb^oj^b* <ljLLu *l>j b id :<yLLu ^4i((»j<i> -V 

• r Y* d 

♦. 

a_d> j—’ L&*"* ^ ^L> 

JoIT. 4 ^&j4JO<iJb Jj jib Ij6 ij4j 4 j jljb . 4_t4J& lilj*L& <d <04 j!jjj^j 

b&j&jlj> ^lj*Ufc <d (JJjVj^ jb jjp J ^JjjJojd* ^ijSbl*L& ^IS' ^d Cjbjpsb 4 j4j 

^bj^J .C*I.JL->4->6 $ ^^j\j\j dj JJJ-«J jb ij&j ^Libj Ij4j (^j6j (^JJJ d (jbjj) 

6jj-J> |»^L-* ^jb>jji d* tiboid* Ouj-cu^-»6ib ^j-Jj b (J^w^Ojjj-t j bj&jJ^J ^jjdS b 5 

^jbb *td jj^cw ^Ijb j ^j-jjJ ^Ij3lb ^6j<Ojjjj}b ^Ibd jjj-mj ^Ijb b J tCJu&i Ajljb 

jjj c£j^b cy^jjj lA^ 6 j cPUb j (Pollen) dO<L& ^ (jjj) ^djSbo <j<>j4jjjjj}L 

.Cojbfti bjjdS 

*Z\M **>&&¥* 

.(Y- ^ * < j J l^)b jljLb> ^jJw-oljb IjuL^j> d ^j-jb jljb ^j\ jb-> d 

Jybj^A^S ^jlS*<L_>jb dd Cojb&J-d jjj ^jIjL 4^>jb <jbjj4J& ^L*£ ^ ^JbjLJh 4j 

l£3j 6 J cr’UW b <i ^?'jb 6 J c b—^ i b ^jV^L-fcjjj ^jj—^ b J jjjboiL_j j j-^JjS* ^jjiL^ <ibj 

— £• * ) jlj *) *L-I wLjfijb .7..,«— *d ><* *oJj> ^6 j^-> ^4^jb j (wLw-&) Lw-cb ^£jj«cubd 

. jlbfijj^j Lc> ^*L>jb d j d»j ( CO 










IS^LJ L Lu <iJfij ljuL^> ^jIS^LuLLo *L>jb**J jIjLi 

^IjL^jjj ^jL-iLu 6j C^jLl^ <L j jl j— 1j j— i &j4—7-1 j& ^ 6j4—(6j4-C- ^jL-iLu j 

j^L. j \ L> IjDjL> I jljL. jj^uj^-cu L 

. IS* ^-1 jdtjdJ i jPj^ o4—» C^o4^ 



□ I. Ur J1 OD I lulu 51 

HO-k L j pup] 


I ‘■‘i n IH'ls 
|‘J(ti>*«i 


1 i .,, .. 

-■u--.'«U i i 


1 ,'iTi i. - ;vi^i 
I ibtu mi * 


I ■i.-:i : ■ * 
I iln, 


fAi'fJ'HV.' J J I L>,i l i r i ll ! L- ^pJiq ^-1-iJ.-^J 1 J £■ • * /*^RJJ| 


5 jbM jLS«j4%>t5 djLSjA 

'.6j6j\ j> ^4j*^ Li- j»4j JJ 6 i ljj 6 j ijjjj l_>^ 















































































j4 ^4-^0 4 j COlboi jljbi <£ji bj0i4j 0j4jjj4bjji 4 j tdjUjdJ Al &)JJl ~S 

. I Ju lb4«jj4bj4»t b 4J ^b 1 4J 4-t4boj^34Jb ((„£Ljb4Jb) ^jb j^jO^b ^0^34 j^ 3J ^Jb 

4—*.*j 0 i 4»b ^£ii 

<>bW lt'*^ 

jA-waJ ijjj 6 J 

4»b tfU 4»b ^£4b^>WMC 

^ Jc4^ob 



4^_^_1 3 I 1 - * 1 * * 3 


4 J ^jljij boj^4jb .cXmJj 6^L> ^L»j6i ^jV^j&jjij ^b^jb 4^boi ^»j4b ^ <j*buj ^b ^JLcu 

Lfe0^j4_■& Cc.^-m. i IjO jL> ^LjjOi 4__l 0 ^ 3^—*-^3 4b jjj^i 4^_t C-^Lboi >4^b ^b {jb 

. O^bjOi 4 *J ^3^3^ (^£ 4 ^>^b O1-0O i ^L 4 -*o 4 *j 


I J—b Lj^U ^j Lm.i ^S C 6 ^A_V.t>jbb ^£^3 Ij b^L^ ^£4 j>^ 3 b cib.4j4»& O^b ^4»j j»*^4j 

cC-JuO ij4^1j l M Lubojljb4b 4 j ijL^i ^^Ij^Ssj^j ^^ojj^Lj 4b LajjJ4j i^ljbjjj dJoj coljjfii 
bo^31 ^ b 4 »b 4 ^>jb c.*—*■> jj b—> j b j b ^ *t> »^ ^£0^30^3 b 4 _I I j b> 4b <*L 4 boi (^3 o 4 *j 

• C*IjO ^j^Ju bo ^ijL-Mj ^jji\j ^0jj4j 4bjijJub ^ISb j-o4j (^Ijbjjj ^jl5^4J>-jb Lfc0jj4Jb 
jljL 4_t4Jfc l«LJo ^1 j ^4j*jb j Oojl-oj 6 i jb4ibij jjj 4->jb 4j ^jbojljb4b Oj 

. 6j I^b4 j j boJP I i bj cfJiU 4J (iJiU i bj Jj4*> ^0 jbo Jj ^oj b 

^0.jljb> ^j-J 1 j4 _mj 4^ 4_>4^ ^j4bojb I^b*ob ^S*4o04«j !^bj ^AjjLj — T 

6 J •cr’ bj ^jb^Ljjb ^1 j4-_) 6j4_j bo i jjjj ljjfl^>4j jlljb» ^jj-J (f- ^ * ) 6jboj 























yi4J 




4_S*) o4^ jl Lu <b ^4_>j b 4_I jljL ^_£y Jj ^4^0 <iJ*U45sjjJ <^>jj-> 

^£4y*^b j^j Lb6^ jljL Ij^L-. .(^—»l-Lw>&^by* 4b 4b 4bL mj ^^j3j 

. *L-b ( V* * - Y * ) j Iy_y 4»b *L_Jjy ^yLgy- ^y I^^lJLLj ^4jjjj 4b (Jy>) 

— T* ) j-j6jb 4 J oLbo^bj jljb-i <^y jLliL C4jb4«^4b jljb <y4»^4j 

IjL-y> ob^ *^b -^— 16 jb ^‘LpJLl—j ^^_*oy ^yi_M.ijj > ^j ^jcL-S^jjLS^ ^jJ*4y C ( *\ * 

lj*L_k ^i^b-w ^y bbu 4 b b b j^Mm> o 4j> I j b 4j <*3bo ^»4b bU^ 1 j^L Cc>-<JL*J&6 i 

. 6 j b I i b-> ^ ij Lw 


^yjjy b Jd^bdb ^y Lj ^y b<L>jb 4 j yjjb jljb ^yjjJ J^^ub 

JJL-mj4j4jLj j ^jbj^o^S y yl— u4j 4b b ^*Lc>jbb 6jjj jlj^ ^y -Cbj4bo <ibj lj4Jb 
4J>?—o..*. 1 ^£y*—‘w^4j4iJb 4_S* 4-^o4b Ii4 j b>^b ^j4«b ^jl^L-i bj C^j4 *<» .o4j> 4J>r—.<>.*.> ^ysy 

. 6^b bLj ^j4.ma-*o4J> ^yL*i4*jjbb 


. i_/ jle-L 8J s jjjb jljb yjj^JJbj tfjA <£ua J yrfjji ^i)AJ -T 

^Jjbj—jj Cry IIj_jO d4J ^IjdyJ) ~ t 

d jyi—yyC 4»> ^4_1y> y ^yl^j4—&yjb ^S^^L-l-bjbbb ^£4«by ( ) 4_b crywLo ^jlS^4_oy d jybjyJ b 
^4*jb>^b ^4^_i ^b Coj^b'i iy ^ yJ ^jbo&^4^_t . I ~ bo 4*b ^jb4*_*oy 

^4jb>jbj^J dy bj ^jb4^4j|^b 6^4 jIS^ 6jy^M^yC 4—» ^^6,/0 4 j^j4 £b$ ^y^L mLwQ4J^4j 

4* aai lyJ b ^y*b4—^^)bj C5’ 1 ^ >jyC C 6^4^_»b4^6^6 

y <L»4 j <• C*« s jP^ b 5 j—> ^Sbb bo jj d^4bbb b>j 4 J ^j4^i 4J oy d jrb-wyC 4«j ^£j4^yjlS*4b 

-? b 6 ^-9 cy*—*■*<4>JgL3 4_I 4*jLJL -wj ^y Ij^-* ^b (^ib-»^) j bj^A*^ ^Ijb 

• bjj - * 0 bjj^b 











%Y 0 ^4—4_< ^j^LJLjjUb ^1 jL jb"&jj45" 6jLd( ♦ — o 

J4_$" 4 J C bjLb jb4-J ( j£>4_i jbj j (^jl j&bj) ^ ibo ^6 j4j jjj^b j4j4J C j45 "b i ibj 

^^>jb Lk 6 jj 4 ^ . 6j4*j ^*oj45" ^J-£4j ^S"VL> 

iS’JJi J JJ^J^ 4 J ^£4$"4_)jaibjjl5" j4_i4j U^jbj ^Ijb jb^jjb 

- Ijcla 


4j15"o 45" ^4jIjL jtL j ^S" 4jI^1j 4j jljb J>\^£ ^45j^ru 

4_S" 4_^^->15* ^£j^j45" <S^J b ^j4-t ^4 ^*jj 4 J 

^Lob jjj 4 j 4jIjJj ^jIjL bj .C*Ij4j bljb^J b45"45"l>4j jb jb j Jjj 

tii5j5o4j 4 -jl^> *(£ - ^ * ^jb jL*&) (Rain Gauge) 4^jL*ib jljb j LjLj^jj^j CCsJjj^jfi i 

^^jlj Jj 5 j4j!jJL> 4J^j £ 4j 45" 6 j6 jjj5" 6jb jLbb C 6 j4JwL»6 ij5 < Ijjbj j b j ^Y 4 ^£45"6jip 

.Ju^Lwo 4j Jjjb ^Ijb 


coL>j: 


O J-> jUIjb ^ jj l5 -o Ij 6 i j4j ^bojj 45" 4 j4^ j^j^j ^IjIj b 

jj Co^S"6 i i bj ^^Sbj LSbwo i» j5j Lojj ^5 \.j^wo b 
jLb-*J Cw^ 4*j 45" 45"<>j6j45jS" 6 -j^b^ 

j>\su bjbj L ^bJ o^jisbg/ ^/ 
^JJk4«j b^^^mJjj 1^5" & ^ 4j|jj5" |»4 «j jLbb . IjJujbb 

j4_mj 4J ^jb*L_t 45" C (j6i4j b)w^- > ) j4-» 

^^wwl^4»J? j4_w4j jr5\ i» > 

^IjL) 45" ^6j4J 45b> fijbojp ^»4 j ^£ZJjZ£ b 2 
i^£bj b^o j 4 «mj 4 J jUjLulj bb°^lj 5 j 





















3^ J J jfjM 5 

:( ji^LuAj ^Ijb) jljb 

Cui^u / ^£jLo Jjj dj (Freezing Rein) ^jljL> bj^Luj^j 

<Jjjj i^° l£jjj ^ 

• ^3^J {^33j ^ 3 ^ jJJ Jjj {£3^3 

ob^-* uPjH •(cyr’JJj) * 4 : JjO Jjjj ‘‘J o 1 -^^ <>JL* 

d£ iC-tjLli (^6 j4j!jj ^jJb^SZu^j jL» Cjb ^IjL^SnIj j 6j4j jjJj> ^gjJbdSZub i 

*lJ j c*-jjL&i <jJjjj>^_i jLi jljL> ^jj ^ 33 ^ 6 jj^J j j-Lb j^Lmj^lI jjjlk 

Ujti Ixjjij (JijLu ^jjj<u ^li" 


> ^ jLS* ^L—1 I»L>IS*^>Jbol **' 6^4 !>i>i 4^ ^ IjjU»u. i ^ £33^3 ^ 1^jj 

6J-Jo jj-CuL j6j*L> ^S* ijLwj ^S**uljiUb Q^j|j*L>) j<U A*>j\j JJJ 

j CoJ-Sblj ^ »!I^L> 4 I jljL 6j.w*nL> C mjjjJ ^_Ji^S* ^ww-JL-Lj ibsjjL £jj^o^J CCujjfi i 

CXmJJJ i J iLoLfij J <Z*>b J i J ^J^3j j3h 

• JJJ -5 J^JJJ iJ} J:> ‘ i ^-ti b * 

J>\-> ^4-Jjb jljJu ^*L>jb ^ <jljLi 



tr.rs 

v- ♦ £ 



1 5 ? *■ 




. ,,: rr -iiitt J ftS.T 1 .i<!*J**Pv* 1 ffciiiy ^_4 | L— ■- 1 1 j-*j_'i 


.00 

• Obojjj b ( 1 * - i 4 ) 

Sleet 4ajAJ : ,*4 j ^ 

Ice > (a__jjjLfl ol^J") 4_J 

(Pellets 

J 6jLoa_p^jLoOili_J ^ _ £bjy 


.^j^j[j ijjL ^j 















csb 4 ^-* (jjjjj) (JjO Jjjj ^ jjj : ^j 4 ^ ^LoijS' < cl ~*-> j 1 j 

ijXjjj L-c cii-J-^> L^jb^b j Ju+ i ^£j4«mj4J ^£4»$*4»wwO^£ 4»b dS" 0*j*0s_w> 

li^L^-jijjL *4j (JjXuj 4j C*Ij JL 04 S* 4-ww0j^ ^^1j 4^ (^jjj) (J!j6j ^JJJ^ 

4jLc> J lXjO ^jj 4 ^ b J Ua3 [£ CCXjJ^V^w) I J&S lj4J& 4 J ^Lj 

^6 j) * »ui j A—aj ^ ^J^-fe4 i* * >4^j ^ (C ^w' t jj ^ _<.< j l-L->Lw>) V, * tjbft^ b b Sj Lm,. Ij4_& 

^jlj4_& ^6j4_) ^jjiL-^lj ^LS' 4-J ^»4 j • ^£jjj 4jlS*& i j\Jjj&4-Mj ^tScfi 

I^ 4 S*6 ^jL -mj Ij^L-k j^m,'4j 6j^—*<...<-jjgU <*31—S* & i jL>b &SQjdS lj4Jb 4^* Cwufi ^ C^ x jj^ i jL mj 

4_jjJi 4 _i LS\Jj 4_$* CsIjO i Cwjjji (jjjjj) (J!j&j ^JJJ ^ jjji ^t 

. Ii6j6 ^Jj ^lj4Jb4j ^jjjJj4-^1j 4J Olifti jIS*&jIj 

lijrLfl— m.iJ-) j ( ^lS*4«L^>jj^o4Jb4j j4_S* cilljlS* Cojb&ij CoJ5nJL» (SflOW) jJ4j 

C*J-L$bL> cibJ*jlS* jJ4_i .Owu4j ^jLj 4b> V*4-1 (^JJJ <^°J^ j C-wU ^Jj 

^>4_ _) j 1 «<' b Cc<^ * *6 ^ Cw^jji ^ J*<-a ^t-*JjJb4^ 4 jLLm^< ^ j OwL^tfLwiD i bjj4Jb jJjb 

^4.^ 6Snow Flakes (^y4_» 4 _£j^j) y 4 -^ °jj 4jVL 

^jj—> j^—^ g-J&*L_t ciJa ) jjj_> 4_Jl*j^j *L_S* crylj_> J5jbjA*-j C*—*Jb 5 .(iL^jb 

. ( 0 — ^ ^ 2 Lji) . 4»w» 

j IjubL-^j l^JJ 6 J ^p4_^o4j C*-Jjbo ljjlS^b-> ^jIjj^U 4Jj Jjfijb ( ^4.L^.V.^i4j jJ4j 
6j6jlj-^ 4 ■* >j4^6 ^ *"*^J^^ 4 *^ J^ 4 ^ 1 ^Jj-> • lwL«—cu^-»6j 4»j ^4^4^ 

^4j^>^ljb j4_SbJ Ob^fii ^XuZS Jljfc4j ^jJ-mjIj ^bfiJjjJ 6 j4jj 4«)4J C(4^j> /^j4^o ^45bjJj) 
OlS'd^ j3^j .Cu j D^ 45^ ±S±£ ^5bww>^-w 4 J l»L)djd^)l^^ 4 JLjj4«$* IS^ 4 J ^ li4«$*b&«4J^J 









^ ^ ^ LjJ L«y J J^WW > lijl-L-W dSm*J> Aj J&S6>J ^ 

’<JJ 6 J l$JJJ J*** ^b*;o C*l*3j£'j>‘d (Jjjj ^jb ^ jlj^i 

<lJ 6j<LJjjJjj<U j ^£*LJjL> ^jjjjiLjj 4 j OlS*6i ibj ^j-ijb ^6jJj 

1-UlSb jj4j L-> JJJJJ ^Al*~»** i ^jIS*^j>jIj . bj6 i 

J-j 4_$* CUj-\— b a J_Cjs> j j i Cl- ^ jj 6 »L> b jj^L-> 4_S^ j^—^ IJjLLmij ^jjD j^J . tfU<AJb 

jU-Lj ^ ^lJ ^J^uob—wL>6^b ^^wJwUU 

<J*jj J jj-^ ls-i bOj "H ^ - b - j (j lPj 4 —’ \j2 4 6 ^ 

^ jiLjlI j- 1> ^^j*L^Ojb ijJ (iJfi J ^j^L-S* J-Ji^j CCwL^—i L>6 J-Jjj 

.olio 


: jiAJ ^5jjJ 


6j C(iJL^- ^1—b ^j^oLij ^jJSSiL-Xljfi i 4_»6j^J jLjLtjbb^S* 4_»4Jb ^jjj 

^jb ol^fii jlSbllji jjbjjj ^jb ((jii*) ^£jb <iJljJ> 

C^JwLjb^S* ^ ij^LwLyJ I^-S* j3A*J 

j-J > 6 ^ ASZu du jlS'lSOj j^-mj^J 

^bjjj U^S ^bb_*oL^4j *J 6j .C^->6ji ^+->j-J j ^J^jbjjtL> j ^jbfijlS^ 

. jb"L> (^pbiAj) ^j($ll j<l^jJ (Av_alanchies )a_. ^Ll^<> j<l& 


^ MJ^-I jS^J lb dj 

> Cwob ciJ^—b>^^-uj b^jb^^J IS* 4J 

<£ b^A-o ^jj^j^bj [jbbjj&jb c^j(jj 

^—1 jl_Mib 16 ib b j34_> IJjLw*'j J ^4jL>jb 











jUb^— i wj jJ4 —) ^jjjj*LbbJ ^jjjj U&6jj<Lk (- bj^SZ^b ^jj^j l-U-tjUb 

» L> ^ ^J IS*^ Lmj b ^ 


: jiAJ 

^ ^£jb cfJljnj-^ Jj—f L>j^«j <Gww>i 5 i ^i«j4j -b-> jS^j 

^±Jj CJj_jOO *b*6^b £4->b jb ^£jb ^JJLLfc L5 ^ulj Jj *^j6j jJj ^£jb 

<iJ *U<iLJuj^j*b jLj ^Jjj • < j-»6 i6 i <iJ*U*L>jb ^jjJ>bbJ j jl^S* ^jbi jJu *b 

Ij4j 1+_mi ^ ^_$* Gj jj4__) I i ^j4j Lc ^S* A->bjjj Aj ^ Gj> j»w«bo D i I i j^4j 

.4-»b p-Mi ('“•- *N) ol**J j <bb^«<«J ^«J 6^l^bj> kjbjJj 1*^ j»*^^ C b ^ 

djj^J: 

b L-*J 3 ^b C ( ^ — * ) l^ j j bfi ^ I Jj IS* bJub^j b-0 bo b 4 J H 3 i I bjj^j 

ij4«b* ^J^S*^b lj^u»w—L& <£jJ^Z b tc-ojb&i 1-LflS*^ ^ZZ^jbj ^o^j 6jtuLmjjjjC b 

^JjjJd —$* 4 1 jjjja—$*b j jjJj<b*j4 ^1 ^*Ojj4—j . I — j ^ (jjfijj^— j) jjG ^5sJ<^ —& 

ij^S* j^u ibjj^j jj jb^S* ^^^>Jijjb bj^Lk^j c^jbA^-cuj^j 

^j4—tfiiLc- C j_) lS*4«bj^b& i^^S* ^lJ 6 ^) bb*.> ^4_S*4Sb&j CwjO Cwmijj^ ' J *J> 

b&^j ^—i $ aS b 0 d£jbj 

.jl^ftjb ^ 


(^^j^-Gjj^jj^ <^b^ aJ olS^6-LJL» Cu^o jb 4-»jJi ^jjjj^Li 6 jj<o* ^-jL^5>JL» 

C ^ ^ ^_>||>|I ^£jJLuJ b ^b b^^mmiUb cibo b* LwM ’^5 ^J ^L»-C 

iL-»^ b^^J^^Jjj^J b Gw 06 i 6^5 

j 6 j^.GG-1 jbj^j dSb^tJtxL) b&JjjJ 45^6jj4Jfe ^^bOjJ <GlSb .5 45^ (ibob^ Oibi i 

^^LwwGm^ ^5 ^* b^—>b" *L *—b $ J ^bj^J 









^mUj^S" jj\m>J ^ b^bj^mUj jjJ 6^ 4-) lS^6 i {£jj^ 6^ ijJ^J i 4.5^ J^OM 

&ssj^&L> j Lo—uft^ ^j->jj^— 9 ^ C- t j -J Lj^L-^ 6^4—*jo ^ |»J-j ^ cii— j jL> bjjd^> 

• ^ ^i—wo b ^Lljj jA*Uj 

b^ . D J 1__ ^L«—«—> ^6 J) * /i>^ U Coj^J CrJjjbiL-X4( 4»j b ^ 

cOL^fii ^jbo ^jIS*4«Lc> ^J>jLoj li ijLcu jjj ^lj4J& jb^J j (^6 jLoj 

^4_J .^-Jjjj jLiy Ij4_j J & _)4j5> jLjJ 6 J-^—^ jlS^iCLs—^' J*LJjL id (iljJjiUb 



jJij !^j4Jb jdS du C 4^ 'dJJLt+)du ^J>J iJ j b ^ l^Jj JjJ bjdSltjdSb^ I«L»6^6j 6 i ^6 ^muj dj 4 - <«jj|jbj> 

^jy^i ^Sb& j 4_£" C w L ^ ^i ^ l-\5bwL*—> *L_1 ^jIS*!j 4_& ^_JLb j jJ4_i ^4_<Iijj«t Ij4j jjj ijL-o 

L> C* >^b » Jj l )J ^Sbwi L-5" ^L—• 15*<'^U ^ ■*■* I4_$*b^ L> C4»t Q 

•<ji ^ j jjjj jlS*4jjb 45* C*j-CvJ ^Ij 4jJj cCojiUjfti jlS*lj4J& 4jiL j 6 j4JojJo 

c l5j0 l£jjj jj^jUj^ j jb^' LpJr^'S’ Oj^ ♦ djj^J ^djU44 j djiiUy 

^6j4jjjjJ 5* 6^jj ^15*6jl^lt bjjd£ j»*^4j 14*j <iJjj^>o <S^JJ^ 












a i 'jj-LS* jL, ^ ^ I . as i j] ■ mi (iljjb ^S*4->6j2L»Ii 4j ^JLu<L) j 4-1 jIj 

^ JJ^ ^ b « bjj^j ^b^JmO j • (^ ^ * ^0jJLbw) 

4 J >*^f^-> ^jIS^^J Cwj^ ^ ^jw\j L^?^5s-<-l ^ 

• ^ lSOj^ Oj^ 


^jjJoj^ aj 





J6i jjZjdSjA^ t^OjjAj ^JJjj ^J) 4 j Ct-JuJ 6 jj4j ^6jIj4J 

^-Ojj4j -J tbjl&4-.> ^jb^Ss- 

j-wO^_)lS^/|t—^ ^ 0 * jLJ 4^ (^4j! J&a+i 

C ^6^tlJ *L_» Cwud i Cwjjji Lj jL&jj4j CCoO 
oJUHJ^y-- -2 ‘J ‘ f 

J-! 6j UJ J^yj^l^r- 

jl J ^ 1 4*1 ^JjjbjJ^J C|^Ml ^ j^-* ^ 

&j^L_f jjj 4_£ < ( ^£6j4__j liT* ^ >Q jt—^ — * j 0 

bj^A*^ ^bjjA*—) ^ Uu -' i ^ j*«fc4/Y ^£6 j)\j 4^* 4*)b&^4*j 
<4_>4 jI j4j C(C->—ijLiD ^) 6j4_£IjO 6jL_ijji J”<Loa_S* 


j>\S>jf/S±> 4__»*^b ^■‘■^ b«j 4^4-1 > W ’^Li 4-1 4^* bjj&L) ^4-1 j^jb $ 

— ^ * ) (^6 j2*—£l ' 3^i j* ^ ^ ^^£4^ ^ j+aMf 1 £-(^4^ b^+£> ^ pmHJ \ b jftj4^ ij j-^o 4j 

• bjjj ljul^> ^4^jb 4j ciJjLo l^£jj-^4j jjL»j ^6jLi4J 4j 6jj4j Lk&jj4-k .(V 

^bj 

^ bj^A*^ {£bjj 4—) Ci^^.w.>'4ji ^ 4 _S"djj4 — » ^L^b J ^ b j U<^-3 4_) OwJLj bjj^J 
JftjLj J Jjj_>3 ^jLjj ^Lj 5 jj4J *|»J^ J ^ CtljAudS'b 2 ^jLj 

j6jj< L-^* ^Uj bjj^^ ^6jj4-JJ 6j .4-j4-o^6i ^bjjj j ^-o4^ 4j Cftjl^jLoJJ j 6jjJ 















4—ij4b 4_d 4__tJ£jj4-& C ^ J_wwojjjo I 4_)^& ^ 1 1lj^ 

^j4-_$sojlb 6jj4-o . Ii6jj4-j ^ojbo j ^jol^bCo ^4^*jb 4 J ^j4-ob4j j b*& j b 45 n-mjj^j 

l-Lobbo ^ojLo fijj4-o 4-b ^4jL>jb j4d ^j4^ob 4o JibjCdbjcLew 4 j 6jji^b ^jI^ fijj4b 
C|^*4«b ^-o b-C/4 jC 4 b cJ&^j blb4—*-i4b-Lb 4-^j^jjjj4o 4olb&ijlb bjj^j C 6^4-<„o& 

4_o b ^C-ds—<«,' ij ^£-LojJ 4-_l 4«b ^£bjA—> j4_o4-I jbJ^L) ^Jb^muj ^£-C>4jj <Lub j4o4»I L^j4o cJ4j 
.C*J jbo fijj4o 4b (ilColb ^jojlk j jl&4j 4J (bd«o4bbo ^d-bjp) 


Lboj j4-d . b o do j iijb cJ ■ -' J^o 4_o4Jb ^Jlbj ■ " ^ ^ ^jl j4_Jbjb L-$soj 

L&6 ^j4 -_& Cc-jIbfi-L-o (jbjlS* j\*odS' bjj^J 4^ o> o ^Sd 4o*^fIb^-'-^b 6 jhjJ> ^4o C4 jL blb^-*-'«*b 

b b*4-blbJ * d ^ 4^ojftj 5* ^jo4-ob 6^5 C(iJ4^o4-I J <wOj4^o ^Jj—4_* b^jb Jlb^-db 

• Co^b 1 L-o ^JlbjJCJdb j C*-J 1 ^>4-o ^^SbwC4j j Co j^Zjkj ^bCbCi4j <iJ4o& jC-Ci4-i 


^Jijbibj . 4o6^j4o ^L^3bj ^ 6^b4-9 ^&^4oi^b** 04 b ^-d £udo b blb4-«ol^4-&j^b ibo^ ^*^4j 
4-0 (j_jj ^-l-Ojo cJftj) j-Loljb J 0 L 0 ^-Lol^j 4-o jjj ^^ 4_i bj4jjjjj-> o 

^5^4^o6^bo^ ^ 4»m,i^q 4-b4-I^^6 ij4b jbo (^_jb ^ J^J ^o4ob ^£jj-k4 - <«*j4o l-d^^Jfii^4b 
Lo 4-oJjJ C4-bfi^j4o ^£6jb4-_9 ^£d^4_0^b-*o4b 4-*.>.*.i 4-o4-il^4-I 4 b b&^4j^^jj^ ^bjb 

4-d ^jo4_-o4o ^4«b4-IoL^b«o 6^^4-o ^6^b4-_9 ^£&^4-oi^b-»o4b > ji^o> 6^jj4o jb 

jLo 4-J (JJo4uwso> jlo 6jij-o) ^fiibo ^-Cljj 4o JJJJ4b j4»mj ^-Ojj4o 4 J ^j^b45\Oj ^45 \Oj 


x/4_o)4o C, 


4j b4b^JJ- 1 J4bj4—o 4 —o5jj4o ^£4JC* 


. 6^^4b i^£bj b4-3 ^J ijb4-C/4b 4-1 c«ojbd - ibo^j b (^4o L^b-o ^4-o 4o b”6 lb 
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j*4Jdjjb J 


f ■ 

OLSclSUUuj jj cu ouligjo j 0) jUd 


t_2 5 _9 fj f I J I Tt^a) 41} I (J I J__ 3 ^ 

(j ^ j-II (5jx-9 L_o L-SJ 4_Ls_£ 

(j 0 #■ I O^uX. Ji Q_o 4_J^_> o-» 

(^J _0 ^_) LJ_L^iZD_k_ _9 0 j_j (j_o 1^x9 J L_x_> 

J I_S—J «■ I_at_J j_0 4_9Jj£l_Jj «• I_ uX _J 

4j 1—n—x'i I_J L_XJb i_J 4_9j_> L_Lu) 


i.C': yJ vb 


j4j jLwb (bjUub*U) ub6J 4J<U 45 (^lub) ^Jljb bb) 

4j jb bb £>S4 j 4jL*j bdj jjlj: 6 j4£4j 4j uLS^ uw6jj4j 4j!jj4* 4)4j 

LxLu i^jjb^^ $jj4j j^iS tildj 45 jL£djj4A £j4jL*wb4l dj ^jb^ dj4£djj4A^lj4l jljb 
4£ ^ytt<4S)4A^ j uJ^4»U \^ ^w4Sj4A 4Jdjj^ j*4J uuJd^ jbj 
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^d-fea—,».* j 6 ^ 3 i 33—)^3^ ^-d IS* 6 J-*Jfc^—i jJj 0 ^ 1 —O <jId* ad* l < <«'jJ a__> ^JjOJ 5 ijb» 

cjtW 6 LJ -Z a .^iAj .JJJ ^Ld* J c^J ^ 0 ^bjj 

OjLji j(Tropical Cyclones) ^a^djp. ^Jljj-. j (Severe Thunderstorms) 

j dS^-ujjjj 6 jja_jb j (The Tornadoes) j^Ljjjp ^adjjd&^d* <iJ&j ^lS*&jja^a_;b 

• Co^S *b ij£>ad jld*fijb*d j jd&au 

xpASAj 

Id*a__> aJ bdd* IwL-cu^-» 6 ^ aJ jd^jj ^Lj Ijajb ^033^) 

.jL-j ^oda«Jb ^ 6 jajjjjj^> ^j-ka_jCuad j CJufi^ ijLuj j ^J«d* 6 i ^|j 4 Jb . a«dad* 

lja_& jL> ^fijIjLd ^Djjj j\£ j<L^*j iL^ojj^j ^jjjJj j ^^Ssl>b ^jb j-obj 

^aJu j daj&ja£L>o j Cojjll^»ajQ lja_& ljuld* 6 jjjjad*b a-ojjaj ad ^Vaj cjad*<o ibj 
^ 33 -> . <dabS*o ib-»j ^ *V» tj L ^»©da«_k ^*d^Sj^a_I do^ ^ <dalS* 6 i ibj ^ad*a«wwOjad* 

U<lj aj Cj»^u <£j3^^ ^ b 3b 33^3^3^*^ ^> 3 jjaU aj a»»ajb ^£jjb jjajb 

^Va_) .(a^j-j> / Jj^o 4 , Y) aJ Jboa_S* l j^\ j 1> a_) ja^ ^33^ ^^ojjaj 

<ad* Cwu 3 ^ L'W.t'jji yja6^ ^£33^3 ad* 3 a _mj ^0jjaj ad b 33^ ^£333^^^) ^£^^jad*aJaS* ^£33^^ 
33^3^ ad*adaS* ad* ^£^3^333 3^ ^j*do^ ^be- c(adj^> / jj^o T 4 ) ^ad»jjj ad^ad* luI 3*^ 
ajad* a«^o 6 ^^i ^£jh^l> a_d ^bad—u^^j ^Jj^J&ijad L> tOwob ^jb^ ^d* VC ad C^ w I' Jj 6 »L>I^ 

• lXmjjj^ jl-^aj ( jjjjjad < ja^» 

tjb^SiwjjJ ^LSa^L;^ 

^ajljaJ c(Local Scale) ^l-u ^>j-^> ^ad^j&^d ad*a_>ojbi jba 5 b^j^» ^jjdojal" 

ad* l^j>A^mu jjajb <jJa«j5 3^3 ^ ^Jji^dsi^ad* IjJL^» l> ^ajbad 

jbj ^j_J>- a_> 6 jlj-^b ja^fiibc. a_S* clU-L»o ja^Jd |jd*aj Lr c-bjJ a.» 
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l^j-^ j c^o lA 4 ^ p^ ^ (Life Cycle) 

ijS*4 +1*a£ LS*A C« Lij^S ( ^ — ^ ^ ) ^6'j.I_>>' . CuJ^-J 1 6 ^ ci-*—> 

jjja^allai' :Cumulus d$4J<LS4)4£ ^jL^yy ^Up pAS^U ^Ijjj 

^d ^j^jL^j b^^^^bj 0-5^^ kj Cw .' i » 

^ !jpjj—^bj ^J+S\-*> L—) *^tQ clijjjj ^6j) ^ > 

^L-S^ b 5jb ~ ciJj|^J>5—> 4Ja£ Jfcfj 4—»jjJ Cj«*Jb^j 

. bjAJub ^JjO id 



p-S" 0 * “A) J 015*6 3 j*5* (^ 0 - ^ •) jj |*5* (i-Y) (Jfijru 4j jjajb b^ibjS j*J 


^jji^—’ 4__)l^_)4_> 4 C-ljj^9 ^»<L_ > jjfJL * ib 3 (^ — ^ ^) j-wl ' ^d j &£*U L Dj^JwwO 

A 1 bjjAJb C ^J> jj—> jjj j*L_Sd i J bj^Z^b jlS^DjjJ j^5j^—mj A-ajjA3 

>4^—• >jd^6 i Jj^^Ld ■■*^* aJ l * **» >^5* IwL> 6^6^4 mui^i ^ jU*J>jL 4_>jdi Ij—tfijfijl^> 

.L«y J i ^ p l_^6 (jJ^d ^ C (^gdS\jjj ^^4_£>L*j^9 
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jljL ^bdja_^aJ a_c.bjp ^a_j :Mature Stage MjJLj&j Ujj jiwdjjj ^Lip 

^ojj*L_j ^jb^L_> .<L\.l>b i |»lj6 ij*L_t <iJa_1(^ • — ^ 0 ) j OlS'ftjLJJ £*—*jb i ba_S*aJLtjb 

a__> IS*aJL»bjJk4_>„>,i 4jj » >.<1 *jS jjb l M \^oaS'a_) ^S -bJjd aj ^ b & SjAj j jk*+i 

bjj^Jj j jljL-i j C-wLi^LJb jL-»6j6j!^> a _JujdS j jL. ^LjljJ a_£* CXmjjj,S <iJau&jba3 

(^bfij4^> ^1 j^l_> aj ijjjjjdS'ts L ^o jjjj ^j-^ajCuDa ^j-ijL jljL . jjLfia 

^■ba_& ^L-S' l»L>&^aJLJLj ^£-£/4 j aJ ^jj^j ^JaS*aJ I iad*aJ_^-^6 

ijL«j ^b> bijjjj^b L^aj aJ a j c( ajJl^iJI) olS*6a £rub aJ jjJ& ijaS* jj jb 

Cw-C JJ » ^JJJ Li* 4_> ^ db'Jjj Ijulw. ^ ^L£. bjj ^gX> bjjd 

jL>jjj a*_S* c*-Ijo jL l«L>bj jL&aj cCojLfti jljb ^ jjj jj cc-JJo 

^ lj bj a__> ^a^S^adad" I^A C-bj^ ^»4__1 . ajl«aJad*ad ^bjj^j 

^jb —> (^b j*^- 1 . |td"^ ^ <m0* J jjb » J 

^ <• D ija_S* a_b 6 j—> I>a»& JI ^ ( djlsx /> 9 s ) dS\ *<» * 9 

.C*l>t>s (Anvil) j^JLu^b ^Jai" &j&jO ai"&jjajb ^aibjJ ^b^^ibtb 

dbljli' a_c.bj3 ^a_j;Dissipating Stage4jj>^jlj^ j jU4J ^Ijjj 

^* 0 jj^L_j C Dj^LJCufi iJ^)b licL-^fijjajb jj^OiLJfc ^_1 jjj jj^L_j cL-^ Ol5^6-L^J C^— 

^«oL^a__) a I —> ^ ^ owJLm b^b$ \^a^j a 

. a^a^aJjjJfi $jd£ (^jb <iJlj^> jb ^^jjj ^j-^aj ( j_ijbb ^6jajjj-^oa5^ 

U> 01—5*6 i jboa-J j bj^jjjj {^j—£ a__) C_uid ^ a^^djjajb j <Z^ub 5 j IjaJ j Ijb l«Lw»bj5^ aJ 

a_»ajljaJ ^jb—» jjO ^* * > (jry> ^j^ajb ^ . w^ c ^a_MiaJ ^ad” bo a^ajl^aJ 

aJ ^ai'ajjL^Ij jauoU- a5" C^ C^jji ba^6jjj jljaj ajl> JbaJ ^ (Cell) dJa^ajb- 
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Jj—) ^ba^> **^jJ ^Jji^J6 a*_S* C 6^6^^J^a«_S*b ) |^£jjJfca_> a__ > l«L*oi ^«C-L-i^3 

^jL—^ <wwud i cbba»_l Lw> ^Ji bjj-t aS* 

^jjIsaS^+ijjj ^jjJfcija_S* ^>b*a—j —j oLo j j . ::^ - > ^a b —>* i 6j ja_l &jjJLJ 

£• * — V *) ^6jro ^ ^ jaj!^! y+^Ao $aS>*++)^\ jj i^aS* . Uj>Uj> 

^A*Jb jL>j*Lmj ^JJ—> S"*J jljbtL-J ^^Ssl> Lj ^^^JjL> jj—I ^0 ObS*6 i Lm aS* 

^jjij-^>j& i Ja^*aJ . |+5 *Y^j Ijj^j^J ^j^-*-jIj 4j C lj*£ij»t&j ^jlS*a«I*c> ^ 

(JjO ^JJJ j^^aJ Ij4_fc (^woj_jl5"/p-S" A * - i * ) ^1^I>a_»j J-JjJ ^JjjZj^S j^jj 

OlS*6i ^jlSbJjjJfi jj^oajbaJ Ij j bjdJu^bS d£bjjDjdSjd^jj lj4Jb J C*wLljj>6i 

a_> ^pjd^/adu (, **k ) 4»J ^wO^jlS* ^bwo ^^.cul^b ^£L)Ij£^j>o— t^u 

.6jl^b(Mesoscale Cyclone) Ju&jb-obo j-ujjj 

^j^L-Sbt _^>) ljul-_>j IjJLmi ^>3j 4_^ ^ I j ajb a.~_M,ij b aJ j\$aS*—hjJjJ ^Jji^Jfiij^—L&&jja_Jb 

J I ^jb ^JJ|jJ j*J^^ (^3^^ 6^T^^>b !jpkl^O^J <^OwOO OwMJjji (jlwCLcU 

.&jOjL<*> ^IjcL-^ ^6j*L_) 0^ LS^y J <£jj*~t <jj 6 J 6 jj 
.obojjj Ijuli^ojLu 6j^u JafaJ IjujL^b ^jbaJ aJbL^j 

:jb4Sb«jjJ 

:jaJboa_> ^jl5^aj>^a^o aJ 

a^a-Jwli ^6jb>ja^ a_»ajlj^J C6ja_w»j6j ^jjj ciJa^j a _> jl«CL-d/ ^S*a—»ljajb ^y>jjj — \ 
mi (^6^b>^a^ a_> (JIm m» ^d^a ^^IwLja.^ ^Cwo 6^aS^a^>^b a__l ^jb 
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^^*5* 4—t 4_»*^fj(j ^j*^f 4«Jbjjjj ^£6^-w>4—I l»\JLj^Ufc jL&4j 4J 4^* OtJjj4jli 4 j*^ji^J& 

• jOOjjj lil5\-»^o4j 

dNL> *lJ 6j6i ^J4—OjL 6 j4^j 4^j j-j> ^jL* b “V 

. bjjjj4^j4^ < ^0 jj4j 

(iJfij 1^4^ 4»)jjj 4^i jjj ^j4^ ^jlSjjfe JLJ j^j ^Ojj4J ^S\.jj4JjjJj ^JjJ ~ V* 

. jl5"4-ulj4^ 6 j4j jL j ^jj4j 

Jj 6 j6-LJ4^0jL ^J6j ^JJJ 4jjjji -t 

LL>^ ^jlS*4_t ^ 4.1.^_> ^jj^— 1 |»j4_^ 4 _ >. .U j4j ^£j\5 

bj^jdjb L»^& ^ L»j ^yULi b^ cCww * t ^ I ^4^4 m «_w0^4^ 

^&j&jlj>4*J <iJjjJ>?_) ^4^4.J4^ ^jj4jb 4 _)Jj .Cjj\j 

4_S* dLplS* 4 J 4^j> coLTb Cw^jji j!^4j ^jjJoj4^j olSo 4 ^ 4 ^ Iju» j4^ 

J_» j OliL> j C*-J J\J ^^0j4_^ ^bjjAJb j CJJjjjj ^^SnJL>L> ^jL 

• jj^IP 

j 6 j4j JJ->j-> j-£ ^^4»uj ^ 4 4j jjL»j jJ jfj4-£ ^ 0 j4^ ^4ij ^6 j4jj^Jjj4j “ 0 

^4_L *L_S* JjjJfiij^L-^ 6 jIj_S^ bjA-J COl5"fti <iWl> jljL ^^-jL^Ss^J 

• CwjO l^*^f ^-yo4^ ^£i4 mi ^£4»Lj ^ * 4 J ^£4^*4jC^4«£i 











JJJJ jL*U ^JjjHj ^jjJojAS" l5 ^jL^Ss1j ^ajjji (Y - ^ ) 

<£L-$* (jrLL-rwO i cJtfLjiL>^ lj 4^ &Smj^ L I i gjj^u^4j . l$Lj«*o L b^^j s 4J b^&L> IS*d ^ 

(CP) clL-<Iij ^ijLw; ^1j4Jb4Jw*.ijb <.&j*C&jjJj5* Lj ^jIS*&jIjL> 0<uL-mj L&Jj^j 

!^L»j^j ^£ j 3 *** L> ^b ^j (cT) <jLuj ^^oj^S* <£I j4^1 mj jb (^£jjS*b ^b ^ CjIS*& ^ 

^jljuaS* <lUS* jjLL ^Lju jP 4j (mT) jlJuL ^j*f ^Ij^jb jL JaJD tolS*o 

Ml (^L> ^ * * »<» bj • <W«wO b^dS^ mfirnt M^ 4^0 

c^jLo^j j a£ b ij Li &j*li ^jl^jji <l> ciLij ^ijLw ^b J^S*4J c^Zub $ 

6J\*o^S* jlwCL^u ^*Oj^S* \$d£bj[j jj^jdJbdJ L ^*Oj^S* (^b 

bjbjd^uj j—> 6jA ,V V , >6 aS*&jI-Lw jt 4_*0j4S* Ij^L-& *L—>jJ CtiLcij ^*0j4_S* j cLlj ijL mj 

. jIi^SLu j jJ j0 ij aS* ^jj^j ^£j-£4jLu& 
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j2^jb 

C<—> bLu I^ob^jjj 4-»4 jIj4J u j 4j l ^ * > 

(SJJJ j—^ _^jb j—^ 6 4^4 >jb 4 J I-LJLjIj^sj 4 J 4^_»4jb ^jljl * > ^*^4 .> 

^4—!tjb j ^jJbjA^o^S ( ^_Lljb jlj-Ju ^4—>jb4j jI^aSn—. 6j6j4— Itjjjfcjbjji 
^JjijJfiijiL-^ j 6j4-JCo fijL-ijiji jLj> VYO 4—»4j|j4J 4j*^M— j Ob&ijjj (^jjj 4—i Y^'^jb 

(A A * “ ^ * * )Jj—) 6j4 * * >6 ^ 4^_i I|*^— 1 |**^4^_» . <—) Ii4 —>jijij ^ I ^4^, ** [ ^j^ 

. <«l4 b 6 Lfl-»j^4j j^-^b ^jj^b lS*4»w» I^j4j4J 4j*^[Luj ^b4^ - M^jjj 

^pw4 - ^o4*j C<—>b&i_^_^ l * 1 (^^b4^-c»jjjJ S * 4*J j\^odS 4*j*V Lmj b Lo ^4j^jL> 6^5 

. LHj^34j (^Ijbjjj ^JJ^L 4 J ^jlilS* ^bbu cfJfij 

b jl&4—i ^JJ 6 J 1 J »^&jb ^4. 1 . y . ^ ^_ ) 4 J jb45v— ujj^j ^JjjJ6ij4—^ jLj>jjj 

<^4-^>jb 4—1 jb4is ^ijjj ^*^4—i C Ij—^I^i4—I ^j4 * 1 b 4—) 

4—1 4—)4Jb Ijjj ^jjL*-iL-> ^£*oJjjijj 4—» . Cl>b&ijijj 4—tljjjj ^jlS*4—>jb j ^Jfij4^o4^ 

• b ^£jb 4^j C lS*6^ b jj 4Jjj-1& ij4^ ^£&^bo^j ^.OjSbb^ 

* V 

6jj4—^ 6 jLj4— i ^6jj4_j j4_SbJ jljLf jjj j\$aS^hjJjJ ^JjjJoj4S* ^bjjj 4j 

.Jibjjp ^4 £jj]bj+£ (^pbjjj ^4S*4j 4*j45b*ij^J ^6j4jjjjfijbjji ^4^04^ CCojb&i 

4>>—*-jj^ ■ -' b LLu4 ^ J 4 —>jj <. I.L^o4_)d^ ^ ^>4 1 4—1 jLo6jj4—jj j Ij l —1 ^ b jwIj 

.^j45'o (Tornado)jib jJjj (Lighnting) 
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t ( 

(jjA_& ^^«jb 5 . AjIaJa^aJ ^Jji^Jd ijAS*Aj 6^j!jj_jb 

C * i * * * * *6^ A i ^ ^6^A i > cJ&^ <w* I ^& ^33J (x $^—’) A ^ ' J1 j?jj Ja i ^*aJ A **» i * *oA^ (»\ . C«j) 

I-L5nJAj j <iJjjJ*_J (^JjA_^b *L_Ij Olifcijjj lidjjA^ ^jjAJfc A^aJ^S* aJ a5wij^j . C^-V .^^-16 ^j 
^fijA-Jijjj&jbjji 4—^ lj—*jA$bl^*L^>jb A_I j IS* A$s_mj j^j ^A—ijjj cobl-jJJJ 

* 6 JJJ L jA^O ^JJ-l^jAS' 

jI^a5n^mjj^j ^^JjjJfiijA^ ^jjAJb jb ^jAj>j^o j <wbL*i (JA^jL ^ 6 jAjjjjL^> aJ ASb^j^j 
Aj,S^S*a1ja1j jAj (illjlS* 6j C^jA«)A5^A«w)b6jlS^ bljJ ^Ji^S* aJuaJj ^A^oAj .CbL>0 C-wjjji !i 
J (wJLcu ^^L-Sjb jl^ju aJ OliOjjj ^Ujir ^-^.^aSsS*AjAj (£^>) (JaJj.^ 0 ^Ssjjb AjIS* 0 
jjA-Jb A-J . (V* - ^) ^AJLjj .c«w O ^AJfc^jAj ^ILA^oA-> I»^jIS^AjAj>^-»o A^jb 

L^JJJ J cilSjjA^ jl jSj aJ jL> t lijj ^SsjjjAJb j ciljjjAJb j!jJu aJ jL CC*Ij 6 i Owjjj.S l-L»^> 
lj-JlS*6jjAJb jlj_Ju *lJ jb-» jjcLJb *lJ 4_S* AjbftjAj fij^b j^jjj aS* .OliOjjj l-Ltj&j 

j I i jjj ^jL-5^ A_I A_S* A_»6jAj jjIL (AJL£>L^?) aIui-j( jjfijjAJb (^S*Lb CA_^o ^S*) cOliOjjj 

L^JJJ J IJL-jjO ^jjj J JJ a — & jlj"^ bL*P a —f C^-l- > 6 3 C*—I^a5n— 

. &jAJC>jAS* 5-CJ 
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6jJ*LJb .cUJLlfii C-S—M.IJj^ ^L»j3 a_) ^L»j3 jli (|J^? * *>) jl-UJ ^&j2L»IiaJ 

a__) » (^L—> _3 p\j) * * a^") (ajJ-C-L^?) AJLjj» j jj 

4_1 I»LwH— w > aJ ^j! j-^4j 

bjjd^) a»j>j l>aj a_S* ^a _) L>aj>^*o a_£jL i ^jL-c4/Lj C 6 ^ j4j 

^Sj-^> j*>^ jl^—^ jO 
iL>4—> .dal_$*0 

*-^ l£ (<J^-«J) 

b^d^jjbj ^L_l ^jT4 j4j >'^*0 

b^bj^uj J£j i JJ^ 

A-_*,L a_r dL-ptf 

4_1 J <S^^ ‘ ^ 

^-dP <JjO Jjjj 

l^a__>l$* ^»a_l c* ■ 1 ^ 

( ajLC- l—•■ ^? ) dJLtj+jjj bj^d^fe 

.olifi ijjj 

IiJjITL» u <»-aa*j>^-*o aJ ^jLffi^lS* IS* 

aJu ^ Ut—UO j+_MfY ^6 J\_» ^ Jj i \j ( ^S\mUj /Jjjj) 

jlSluU 4^-1 ^ ^ (^^Lj ^ 0 * * * ^jL»J jjJ b^^m^jb 

IS*a__) ^S*j " > ~ l 1 ^ 4—S* I i6 ijjj Lj ^ Ij4»k ^£jlS*ljaJ ^Jj_^Jj^S* j jjj-i^Jj i Ii4-»l^> 

^j« —>Ii^jj^^j ^j^&a * * »6 ^ ^ 6^a * * >6 I ^^^ ' L/j. 1 1 (Shock Waves) 

.Thunder (-L-c-j) Oj^—^ C( ^—^j^) ^ ^jlj—^bai* 

jii jLo aj L^ja_i cii—^*Va^_) cc^ *j»wjt^ ^S^a^j^^L^oad 


rl > I j* J: 11 -1N J-^-'i i- ■»- 1 »■ ■ j ~-t I ■ J Jl J “.J - * lrr ..' 1 ■ j* •*-|| 11 k‘H J ■ j ^ ■*^J , . I ‘" ‘ ^ ‘‘"'"t.- 1 •** " 3 L i'Uj4 
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CJwLui i L^jtfL-J 3jj_*0 4-tjJ C^^^jlijJJ ^UJMJ C-wU 0(^45 ^jJj4^ 

. t4^ i J33^^ aJj^J 6 db— >IT L ^wj^w . 1 b AS* bj^A*& 

x 4 &m$jJ ^jl£f$l£ 

<doj^-^& i jljL*> Ml4j I iJ I i MJ^—llijljj ^jlS^^d 

:aj| j<d 

Ijl-S'Ujjj j ^^j>I__b:Sheet Lightning (i^SLwjjJ 

dHjjjj 4_$*6jj4Jb j ^jLjC^Ij 4_I db—d4j dS OojJLufi i dbdlS* COliftijjj 

. 6j<OlS"o 

C Uy j jjj ^ obojjj dlplS* :Heat Lightning (^^SLwjjJ -T 

• CoJ lmmjL bjjAJb ^^sjb^j C^jJLufi ^^Uj^bid 

ja_b ^6J : Forked Lightning (jlj5 J4 j J4j ) J4j j -Y 

j-Jjji <^£jbj J—> 6j ^—dJ fcj^b jJjjj ^jLj^o^j ^Jl^u*L> jb 

. bjdSZ-)b i 

dials' c <CLjj—£ jL. JdJ* ^^I_b ja_^J : Ribben Lightning <pjjJu 

J OLj ^*CL-M.Jjb aSJ CwU^LJb ^bdJu^J 45^ oliaijjj 

• doJjj) bjb jl jbj<L> ^j\ 

j o jj-S' ^^SbdlSbJ :Broken Lightning jLj ^^SLwjjJ -0 

^>6 i £t-sjj*Lj*d CojJdjfi i <iJ*U0_^L£i*U cOb&ijjj li jb^Ujb 
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6jjuLc^bJ C6jl1^*0 jIjj 6jL> j 4j<ufo ♦Ball Lightning -1 

^ 4 * »Ultjt-Mj ^ 0(^£6 JTO ^£b^m3j^J 

Jj 4_> ^6jLoa—Jj ^j&j ^JJJ eXJub ^lj6ij^L_i jjJ ^J—^ . i>Jj<L_f jjJ 

^ C ^' jbj& ^ 0333 ^J> O m ? 7*' ' ^ m> ^^^^3 ^c^-wLwo b ^S" '^j^S‘ j*> 

jL^b 


t^J^Jyjbj 

j-J i a5s—M jjjj . £> JI j—5* jLoJp jjjj a5s—mjjjJ L—»j <£3^3 <£333 

. ljul^4jL^.jb 4-J bjAjJj^S ^S*b ^jjjjibj j jlS^U->Jj&j-»4-t j b&jlS* ^£330^ 

0 * * * ^—1 ^ bb -L*-! ^jj^jjIwL«-j^ ^o 

'j>mu 4__>*L>j b^^-w^-I ^£^ 4j b j 4^ 6^1 1^ jLwwwwj • IjuL^j> J 4j*VLmi 

£*Jjj£b5 jb J ^jj-olj ^jijb 1 jJLuj j bfijlS" 

*^*1 ^b^^j ijJb^j ^£0^333^ ^ 4j*jb^*J Uy j jjjj^Li b^5*^Ll_> 

.l ^. \b \ a a .~ ' j*' s J3^ ^ ^ ''‘33 1 3^33^^ ^3j ^jb 

b ^£ 0 ^^ 333 ^ ^ <w *Jjjfib 5 ^£^ 33 ^ ^^“ wJ 3 b3 

ibj^u\jj[£ ^ (^b-Mj) ^Luj^jj^j C+3L0 4j aj4^ j^j (iJftj ^J^Ufij^JLt jb-)Jj6j_>*U jb 

Lj jLj j ^JL^>b ji Lj jj*—) ^—>b ji jJj^lJ jLj 

. J JjJcJiLj dJfij 0 Lulls' 

^>^L —> <• I ij I ib\-< *,'jjj ^1^4J ( Jju. b» ^ ) ^ fl ■ - *j 1 fiJ c?u^ljb 

t^j^jb ajb^jb'j^ob 

^jjJfi JJ_| ^IS'-lJ 6j*L_LJL1jJ bftjbiL-^ jL JL^O jbj <lJ 6 JL-bb I j ” ^ 

. d J iOuk j jj b bj b^^i c 
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jli C-s— m. 0 i Lkojj4_k cCJu4-J jJL» ^IS'J 1^j 4J jjjjaJaJ jlSbj — Y 

. jjJ dj dj 

*lJ bjd^JujdSjjjS j jlS**Lj>Lj6i j L-ij&i (iJfij jL-^6jI1/ 6jL-j *lJ bj^Juj^S jji — Y* 

6 J c jLt^ J jj^ (J*-*"*^ J c c^lP^ l£jjH J J jjjajaj J L. 6 jlS" 

• J 15* 4»<»d l ^ ^ m k M^ b J^o L» U -J 


cfj A*jb^*S)A*J jfi jjJ bo \^£b^bjb $ 4»j £, 

cb^4_>jb aJ b^b jj&j 4J> b tL<y J ^J b^bjj£*J ^Sdww^ ' cibjj 4 JLj 

.fiJjjLu OJ> j 6 jbjdjZj* \juj^j j ^S*4_tiL>jb<d 


I»6ij4j id 4jbb j*LwO*d 4 j 4jl><db*d ^jlSjjjb 

jj—> 6^^-ll5*b-*J MJ^J 4^" [j->lS* 4*1 ^wJb^JLbw> bj^d^fe 

4__> C*wLX—MidJj4Jb Alyls' 4 jjjJ^m.' ^j_i 6i 4.fl.«.t^ijj bjjdjb (^jbfjji jjIS^LLu ^l£jO jb 

a£ 4luhj^u C aj ^£6^j4*_o^L> ^ lb4*— > b&^lb 4$jb 

4*—»^4bj 4b c-J ibu ^I^Jjjb ^b4-t4j>_jb cJ4jdO u j ^jL^jb 

<3\$\S a * »*» ij^j • (£■ ^ ^ , *‘ i ) di4—b&^j4j ^3j> * ,mi (\£j ^j? *J) 4^d ( £- 0) 

^jb^ c»*lbj 6^9 4 b 4 b^lb*jj 4 J 4 b4 —i ^* 0 ^4b b4Jk L^ u I^jIwLwI u ^b»»tbl^4J ^£4b4*<—t bjjb 

. 4bL -u 4j jJjb4b 


tjpljjjp 
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j ^£&ijbo (The Tornsdo )jbbjjp 

A _i ^j^ijJbj fiijb-O jb>*b *L->*U& ^j^L-jjj Jv^jj^u C fijJJo^SbljlS* ^bljj ^jjj dj 

I5*a jj2j^SA—tAj'ij 4_t ^ j jiLjjjj . bj-J ^15*6Jjjj 

^J*V ^ &jjj 4——lj ISbj-»0 _J 
*lJ j Olifcijjj l-L^Jj ^b> 

l > • 4 * gL<b* 6 i ^ > I ijjj 

ja_&aj jil_3jjj a_ j4jI jaJ 

coIj—^jjj bjjj 

^lji*^J J l * I j jJ bj 

ij^jjj -otaojjj bjjOj—J 
jlj^j *L-I jib jjj j\bjL£ 

4-JjjJfiijai" ^^jjj ^bjjj j2 >&j4j COliOijjj Iij4_£ jj&j^J ^Iji 

jLjLj^jjjj ^<L-> cOlifcijjj IjJL* ^lSb5bbo jj^OiUb <*J jibjjj . *Cl5*6jIJ&cL> *LojlSb*j^j 

• Olifci jjj ljul jjbjj> J jbb ^Snj bo <U j Iil5b j^o4j 4-1 

6j4j!jj_mj C (^J>r ^ j bo) ^j4-Jj 4-I 4-Jj> >bfi»\jjj ^L-l ^Ij jj jibjjj 

C>U> 4*j 15*6 i j lwL»4^4^»Jj^ ^ 4*j (^-<-*0j-* b* ^bwO ^^-Mjljb ^4j lj Jj>o«j) 4-j ^JjjJfi ij4«S* 

(fj-k>^-) J^ <^JjJ jibjjJ 6j6jjji ^ (0 - > ^^j) ^Jftj ^JJJ j4^6jj<Lfc ^6j6jlj> 

4-^l5*0 cb-^ilS" ^^j6j j-J 1 6j6jlj^^-J CO 6j*L_)ljb 4u ^jj4J& .Ou^>6i 

jU ^jljb> ^6ibo J jjp ^jj 4-I jlSb*.Ij L5 Sb^ r J ^J^JjJJ^b ^jfij ^JJJ 
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^ 4^—1 ^4—£'(iJfij ^j—J ^L£*OjLo 4-1 1 - L . JLi 4-1jJ>4j C6j4«t (^JJJ 4-1 lj4Jb 


.(Dust Devils) 


LT* 


jLLuL^i 


^jLii 6 j^L-ojLSnJj15" j4j jibjjp jb ^j^mj^U^lILj bfcJj^J ^jI^1> 

i (^Lo^jIS* /|t5^0 * * - ^ 0 *) jtJu jj ^1 col5"o i aS Cj^ 6 i 

^1^4^ jOlj—> ,J^6 j4_j CJuD i 



* I^ ^ ^ cJ bjj-<^*& A * 


lijij i^ a - OJJ i -' 

6 j , UQ4 ^ I ^ 1 >jjp ^4 

4_*o 4_) C (^wOj»j IS* / |t» ^ r * * ) 4_1 

^^JiL-^jbiU C 4_i4Jb ^jj4j ^jlSbljli' 

4_4_1^4_^bLo j4_j 

j4—j ^jl—Sjjk j4—jlj4-j 


6 Jj 4 >j4Jb C D jjjj 4 * ijj^Q 4 >Lj 

jLJ ^Ij4__fe V <<'4 .j4.JL> ^ J Ij 

* 4»J juo 4^ 4*j >*^4») C 4 »mjjj 3 JjibjijJ 

I V 


^jL->b-> 4 ^>jL»4J j ^j4Jj 4J ^S*4-t4»l^> .dust Devil (^^jb—>4 ^i ^4^ji^J&j*^) £rut ♦ 

Co4Jw 1.4—>lS*4^oj4^* 4—1 cA—i ^4>c^->0 JjibjJj-i ^ • <—l-L>lS*4«t 

j4—uj 4_! tiJL^ j j^—> bfc.4—>^-> . 4->4J& 4^ ^4 jIj 4«) I-\j 15*4.0 bb—> 4J>ow- > j ^jL>Lo 4^jIj4J 

4o3jj<C l ^oL^4^4J j &j4j^jljS*{0 ^j6j c^JJJ l £*-!^JJ*i Ji J ^j6j ^JJJ 

^5*4-* 4.<—IjL) jjo4-oL> 6.L>^-> j»4o *0^ ^ “LSLJJ 6 j4o tibijj 4 J 4^* ^4jIj 4«) 4 <—6j4Jo^^J4Jb 

. 6j4-oj^mj 6 4 4^* c4jj-Lufi i ^pj-i j-wOj_i^ i»wO ^4jlj4j>t^^j 4 -w^jIjL)4j 4«)4(*^ ^ 













j4£4£LLujJ Jdj 




(^£4_5jijJ&^p" ^£jb5j^k ^4«_5"l^4^ L^,4 j ^i-jj^—>b ^4_5"bfi»4pj ^—»! bj> 

j^Ljjjj ^j^l_»jjj 4jbS>4* <*j> ^*^4—^ .^j<l—J lS^fijjj ^—*_oLoj ^j—jjj^g a — :Lj jjiLjjjp 

^ .~ t^W A J i ^ ^| j^S^J ^ ^_)!i (j-»4«^0 _ ^ ^ ) 0^I ^4-^ b ^\iXj^b 

^ l£J 6 J (j^jibjJj ((Jjjj^^jfij ibJLo^S i£)djj>\ * 4 J ^j&j j4-^4J 

j_> J jOO jL) <ibbjL> -L>*Lj> jb5bj—!>4J& ^4 j (, OJJ 6 ^ j b4-o jbfti jlpbjj*Lfc CCpO j*5" 

• {jdSbS ^jjj^}L^ 

(Warning) aj^^jbl^b ^X 4 > (jjjjWaJ cj_olj) 6 j 4 jJub 4 flj 4 J 

^yjbj^J Cj\j jibjjp ^45 "jjJ&^lS" ^_£jl>jji 4 j4J& ^_£6j4j ^j45"4j ^4jl>jb j4j j-> Cp>6ij6i 
l—O ^ Lj Jjjj CuJ^ b^^m^) 15^ J»W&4j jJ - [J ^J->ijL> 

Jp4_) jibjjp ^45jjJ^l5" 45" dip 15" J 1 p-pu 1 ^ j*Lmj4J JjjO ibj jl5"4jbj .Cpfti dbli4J 

t4_5"&j4JdP"jbl5"b ^fijb^o ^*0 j-S" a_j Jj#i iLjij 15"^ ^ 4_i bj ^ c«yJ 6 ^ jl5"b^J ^ 
^ 1 ^ ^jj—5" ^ b^A^j l*" ; l *3^ ^ 1 [j 1 1 1 jljd^ub 4 5" *^ - 1 15" ^j** 1 ^ ^^ 1 

.4^6 j4jiPjblS^b 

b5" b b 4^45" ^£j^4j b^^ ijS" ^«*o45" 15"4 j b^ 4 j bj l-L> ^£4 j*V b<j ^»4J 

cr’'-t^ “^^3 iJojt-jSjf {*-£ j-i d -JiLjjP cr^JJj 
^jjIsaSLmjjj ^jjltij^S jJjL^S"lj ^plS'LS'jo jl jjijwj b 

: jLS<UjdJ^ (jLdfil) djljjj : 

<U ^ ^ajj^ajjL J < 4 ^^ (Tropical Cyclones^A^J^j. «ilj* 

b—L _> j4 ,^'4J .^Jbj^^ o 45" >^b ^L_l ( Y • - C) C*—*.Q ^ Ow-jjj^ Loji ^4wwd_i 


^j4^Jj^ ^jljp 4 j .jj(j-db (^-d4-») ^^mj41j4j (^bj6j 4 J 4^J> <Z^ub^ ^j15"4^-j4^J 
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j 4_»li -LJojb ^^JZS^Lj aJ ab ^L^ajjftj iL»oJj 6 j)\i-MjjjJ b jaJ b j<dj^5 sjLj> b Co jjt ijb 

Ja*b*aJ IjLjjJj J_) &ja*JjVajbjjj aj jlS*a^ja5b_^> aL-jlj^a^aJ ^li^L-oljajb 6J^L_» 

aJ .^lJj-j>6i IjLubjjL ^ba Ju jj 

^*0 1 Cla bSb i - bjj C^ja_$b i ^_ui^ b^b^ b ^b^Aj 

a^_tljJjj 6 jj^—> jb^J>b-> ^^>bjj a^b* b—» j6j ^£jb—) jtJ^—&a*j 

^ja_Sb«Lw> CmuO 4-* ^bfi^a^^aj jj lS*a»w>a^J^^ 4iJ Iji^j . ^ ^ b $ $ bj jj 

^-jj^o j ^ibo ^^Jubj j CalSbi aba5* jl-kaj ^X-bjp Jj jlbib C^j-ijb jljb JbaJL>aj j 

.6j.Ujj^O JJJ!j 

^jljL^> cobojjj bj-ub j O^jbb ^jjoj J ^a^Jjp. 

ab (XIV) . I J —1 l ^ * > J£j 6^a^JLJL jj-mi aj (.Lobjuj 

&^a-^oaba-t ^jjjjb^ ab ^ b ^■ w) ^ a I ij»aba-t Jjj 6^aJ I jjbj^> 

<j&j-^a aJ ^aibl^b ^pljJ-* (J&j^^&jbjjO fij • l-L>jjbb aJ jljb L5 Sb»bo jj 


^abjajfc aJ &^j £ryojab ^^jja-Lb^> ^jjbab ^jb £A^->jLk ♦ k j^b>b j i^^jj ♦ ( 2) 

ba™^&^b ^^Jajfc ^6jaujjj>> ^bbJ ^jbj^ ^jlS*aj b^6^ 

^aj*jau &^b ^aj6^b-^obo ^^-uljb ^jb ^ J h j>aj a->&^j (*^ .CX»«>OjO 

j^uJljbj ^jLJ cCw-lj6i 10 * jaiby jai'd^ru a5^ cfJa^a^jb ai 6 jJj /|*-^ ^, 0 ^a5b»jj Co^ 

^aS*a.Jw.-b* ciJa_» j ^—mj ja»& a«^ ^6^a-»jajaJ L> .OujJL*-boa^6 ^ jJ 1 ^ /V ? ^ X ^ * a^ ^a^6jba3 

cJj3 1 X^ * ^aSbjJaj ba^aJj^j |ba-feaj aJ Ow^>6ij6i a5^ ^aj&jj jaJ Ija^ cC^Lifii 
ab ^pj^mJbj^ j»a_) . IjjL^j> aJ bfijib" ^^oajb^a j ^bJob^^j j L> Y * * aj ajbb*a»j ^jiLo ^j cCwja^ 

!a_j^i-»b j crbjjb—fc IjJ—. a—J ^ >J ^ub ^bdJ—JjJ ^a tj^>ai j jlbaji^jjabja a ojjaJ 

.^j^Zjbb ijl5*aj 


YAo 







j4£4£LLujJ Jdj 




^Sjj ^3 4 J ^jl jjj . *l> L j L L Lo ^ L Jj>L<u Lo 4 J bjjS'L 

.^jjj c^jji jj (^j^ 0 <Jj Csljd ^ c^jji Lj*jL j 

: jLS*tu4£b$j> AJtjjj 

♦ C^u^Lk CXmUjJo ciljjjajb C-sIj CXmj jji IjJj ^6j*Lj Jj 

. I ij-i ^—^0 0 * ^«u V V tfL-I C-wsJC*JL»b jL'Lj&j 

l»«L-i . 64__> jj 15^^— 1 1jjjJ ^-Ol-L^'ljJ^^j 0-?^ k jlS'4«*Oj4,S'&^b 

• C«wO CwD ^cU L*lb V * L ^_£4jjb J ^^Jjb jljJu ^*L>jb <L 

l^jj ^jl5 ' ^S'VL* L ^jj-> — V 

jlS^Ljl jJj Ij^jl^^-J Jj^L-S' jLS'LjOJ ^LS'fijl ^ bjyJ>-bj fijjj cr’JJ—^ (^ 6 J 4 ^) 

• u j i J IS' 4j 

i^_j_j^ ^ L>Aj6^LwoLo ^-1 jtuLmj^-i^j-i IS'4»Lc> 4J J I^LwIo ^S'^—il^4Jb — 

.oLb ^jljjj j£^£jdS ISL.j ciLiijj 0 

|+-JS' 0 4 _\dS ^j—16 i C-ujjj^ liJ 4 —^ i jjj^ 4 j j ^jfij^^o^S' JlJ*<lJ <j IS' 4 —1 1 jjjJ — £■ 

^j^^taJjlS' ^jj^— 1 Ja*** *>j!j ^jlS'^-ilj^J ^SLlj J£-j ^^jL>j^o L> . 

a£ 4j!jJj jjJ L 4J>—* OlSLll Ij 45'LfiJjjJ iL' jIjAj < ^S'4_)6j!Jj4j <0 

4 —S' 4 />**L»o £Uj4 j£lI Cc« » 1 L C »—M. ' jj ^ ^jIjhj—» jjS' ^J ^ fe ^J^L—) tu..»i * O—mjjj i 

6jiL-j6 j^j o jj-S' ^Uu ( V * - C) jlj-Ju ^ I^iAj jIS'^ujaSLI^IjJj ^ \Ja*£ 

• C-wub CXujjji l-L- 16 j^o^S ^4jjL 4 J J 
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^isbj ^Jjjd^,C^J . O lib I jiJjJ JjJ L«u j 4jb ^ ij«J 0 

gCLw O ^—06 lwL)*^f ^b ^j— > ij ^J^mtJjJ 

. (Convergence zone) jlibub }j ^jjj ^<*^>jb 

<sL-I b^ybjd <<ijj ^iJJ ^-> ^L-j lib&-L->>jJ ^g—> I4—I ‘ s ^ 3j) ■ - 1 ^Ss-w)I 1 ®*1 

/ <0 ^ * *lJ CJu JLq^S li^L^bfc Jjjj »l^ j> <ij 4jljjS* j^j ^ <iil>j*Uo*U li jiuL^jJjJ 

b^L-^L»6JJ_p ^jl^1> *d 6 j . li Yjj i^YjI^I j *b (^2 wo^j 15" /^ Tl) ^5*^> 

lS*4»w>4^J^^ 4 jIjJj ^&JZ&S ^ ^jI^>j^j ^3^33^33^ 4j 

• ^ l^*^f l i l J|jjJ ^£jd^j6smUj d*} jAsmt*) 

X AJlj^J ^JjjJ JuAJlA 


(*\ — ^ ^) <L^ ^jl£*Ltj6j !-L^6 j^-mj ^£4^*jb ^jHu^bu^b ^jIS*4j!jJjJ 

♦ *b Jy->jj ^jImJIj^jCO lS*6i aSiaS I^LiL-jA^ ^4-t4j*jb j4j 4_t4J& jbwJ*J>J£> ^_£jb 

^b-»j6j ^^*^^^333 3 ^b»j6j ^j^S^b :The Hurricsne 

(jU^b ^l^j^o^-» ^j 15*6^ljb^b*) Cbj^*b ^Z^S) 


^ ^. 0 .^ ft ^b—»j6j ^l^b—tjjjj a 6^ :The Typhoon^jjjjsjL^J ^ 

•(^b> Jft**j}J) 

»LJL«jb I) fe L^b*j6j (bi^bbbj ^jj-^b ^ The Cyclone ^jjJ^jL*/ ^ 

. (Lb I 


Y AY 





j4£4£LLujJ Jdj 





C-^Vf|JJ-> J *iJ [ j-J f . fcji -1 ^ J-Iil jg-H 


fS^—a-cpLi C T !? J if-ci^ajiji 


- 60* 


i 2 cr iso* tar i^r ihj* «r 


30* 90' 


:jLS<Ui4^Jj> djljjj ^Jj£Au 4£ ^LS^Lj^a 

^L* ^ 

a^oJu :Tropical Disturbance^A^l^ ^Ljp 
(Easterly Waves) {jdSb$ b^dS^lj^jdj^ 

4j*^[_j-»4—mi ^»4__) .(A — ^ ^) . (|+_S*Y 0* * — Y* * *) ^Jj-»4 —mi loJU 

^jijj L^5bw) (Trough) jjJdS ^b ^2Lcu 

4__> ^ '**' ^ ^ 1 . 6^4«wwi6 i ^-»ji I«L£uj-» 6^ ^jb JjJ ^ l^J^bj 

»jjj ^bfi-LJjJ b I jdJ j jjjO L?bjjj ^^CLu^ljb 

^ *.*J6 ^ ^jJw— b d^Aj^d^j ^ ^ d*Sjd£ ^wJO 

Jj-j &jJjLmuj b^o 4_I 4 j 4_mIi ^ ^ .(I.V-> ^^j) jljL» j jj^-fc dZd^dS 

OJJJ -5 1^4 C-bjJ bftwL^j ^ljd£b $ ^jj^dSjb^kj <^ajjb 5 ^^*—> ^ >I j 


• o» u b C ^ jj » 4 j IjJjj Jj 
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j.6jji ^Ljj3 : T r °pi ca l Depression 


4 J jlj->li jjjiL-) Coj^L-S^6 i ^4oljj^j ^j4Cj 4_mj ^ CiljlS* Ol5*6 JCj CwjD i 

CC—^O I^^j4_l iL-S^Uft-C^j C(fi^4»*o4»$* ^o Ci-^-L^) L cT L C- c <U 

b JLa*S LV.CC.fc ^*^4o COlS*6 i i Lj 45*4 uL>6 Jj^j J OlS*6 i 6 j4jjjJj5*4j 
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4 J olS'o JjjJojaS" :Tropical Storm ^£Ljj2 

^J-J^J ^JjJ^b-tj JcUSW b*L^4oljj£j ^ j4Cj4_mj b&Jj^J ^fij4j^jjS* 

4—S*4j I jhjJ 4_o ^S*4—4^* ^£6^j4«t . I Ic^C e ^S*4ol^4Jb 4 J ^jIS*6ji^o_j4^j4«mj 

(j^wO lS^/|t—^ Y ♦ “ V )Jj—> bfi-C^J ^j! lj-^ I,i4-C<bj£j j»4j . bj 6 j4oj^j^> < ^*oL^4»)4J 

^j4_jjL j obS*o iLj ( jijJL«j4j4.JLj ^j l>b 4jCJb ^Jb jboj 6.J tOlS*0 AJj 

^j^j4_mi 4o C 6^j4»w»ji^-mj 6 ^ li4S*4jl^j£j ^£j4^j4«mj ^j^d^4j 4^ O^ ' i ^ C^ ' jj^ 

.(^. V-^ ^ ) olS*o iLj jjLcljb 4^4 jIjJj 

c-o c4^o6jlj_> -l^o4j :Tropical Cyclone ^Ijj^ ^LjjS 

O L_S\J ib->j li4_^4jljJj ^j4Ju4»mj ^_£jj6i4o b j^JLjjj^ib ^ ^^u\jbJujJ j4o ^jI^> 4^ OlS*&-CLt 

^6 jLJ 6j4_j 6j4^ofijlj-J> ^^£-bjp jb 4jCL>& i 4^4jljJj <illjl5* .^Lo^J 15 */^ \ V * *»J ^jbj jJ 

jJj Ij4j 6 j4Cj^S* 6ibj> 4^4->4Jb ^Sbtjb CbuljJj jj^o4Jfc . Q^j45bl^ jIjJj) Co 

4_j lS*fi ^ LC 6j4jCu6i li45^4jljJj ^j4Cj4»mj 4 J jJC*/4o4.Jb *3jj^o ^jlS*6jb jA bj j4o 4o 

b£* 6 ^ 9 1I i 4_bjb 4 J jjjj 4^_i 6j boj ^4*j 4 J . b S 0 * 4»J 45* 

( ^£4j!j4j*_CL> ^4j^u.iljb 4_o j v ^ZJLmuib 5j b li4_^4jljJj ^j4Cj4^ 4o 45*b&JjjC jbLuj4«) 

j4^_»4j Lj> (i.V — ^ ^ ,^4 —Ljj) Ij-Ojfcj Lo j * > 4_I (^jljjJj) bjdJJujj+*ib 5 ^Co^jlS* ^LwO 

j4_m.i4J ^4—5^4-w»Cj^o 6j4—»j4j4J C4^^jj4>o^ui 4^4jI^^j 4^ ^£b^^j 

^ b^km*+Jb$ 4jI^4j>o —> b^ybjd^ujdJ dSLibJj jj ^b b b^ 

.(^IjJj 6ji) ^4C-Mjljb 4 j 4^ ^>Al) 
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:(^u)l) 


C4j4^j4j>^b ^^1^-0 ^ 4^j4j>jb jLju>S nj b j 4J ^jl^JjJ 

•jibjJj Ub&jj4Jbj oumi^j4j ^Uju^jj jljb 

^Ijj—) cJjfcjb 4jCij4^0 4u ^^jcGjLj ^^S^U^jb (ThG EyG) a£jA*>j\j 

4—$*j4j>j b ^4—>j b c (^ - ^ ^a_JLjj) C*-1 j& i |+—Y* * ^4_!T6^ru ^Ij^Juj (jJjLLj j CaS^jj l—&) 

4-1 ._ u jlS*6^b-w^.i4j j cA _£j C*_JI j3b 5 4_£* 4_t4Jb ^^4—$* ^_j j ^j-oJjb (> _^bjjb 

^l—> 4_! U&6^j4—k C^J l^— mj \ 0 * 4-1 6 j-Uo4—$* j 4*j4Jb \ jA*>j)\j 

b ^ 4»t$.I Y 4—1 ^£4— ^bj^J^j^b $ 4—1 i (^£4 »Lj Ii4^j4j>^b 

. li |*S* ^ Y^jIjj4j4J \ * Jj (Jjbj 


c^'> 4—1 4_S* 6^6wL>6^b 4»J 4 j!-L>j 3 4^j4j>^b 4^ 

j jj4-Jb C d^4^.jji^—Mid ^ I i 4_£* 4 j I j Jj ^j4^j4—mi ^ 4—^ 4—S* & ^*4—&j4j b^\mJbJu^-> ^4-t 

.6^6«Li6^b 4^ ^jJb4j (—J b^jbjbS ^bj^j 4^b6«Li^-» 
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(Eye Wall ) 4 _fj 4 >jb ^Jj-o ^ Co^» 6 ijb j 6 jb j 4 j>jb <Jjj^ j> 

jljb LfiJjjj {jjjj'jLs*^ b4^j4j>jb ^jl j-O ^4->jb4j • Oj^ (j34^ojL^^ V - ^ ) J 

C6j4jCu6i 45* 45*j4J>jb ^j!j_0 ^4->jb 4 J bjdJujdS jjji ^ b U b J b ^JjjJ C 4_t4Jfc 

^£4-_b> ^J^Jk4—1.0 4 ^ ^j4_& b 4_S*4—i l^jj ^4_^j4j>^b 4-_l ^jlS*&j^-^4»«S*b 

^4-.>jb 4-J jl5*6j2Lfc4-_) bjjJj^Sjt Lmj 4^0jj 4J IjjlS* jbo4Jb 4-1 CjLf^b ^ 6 j 4 jjjj (iJL jboj45* 
<Jj-^ J b^jb J bfij4jj^j^> ^jb ^ j£ dJVl> 4 J 4j4^ jLojj^ J jb^j4>jb ^jlj-O 

• CbuO jLj 45*4_)b 

. 14—>lS*bj6^ 4 ^_Ij4j 4__) 15 * 4 * >4^-1^ * > jy\^— ^ Ss^u^b j 
C b 4—>5^b |^44 ^Jw«Lj 4__1 k jlS^4*_) j 4 * 1 bojj 4_I ^jj\5*ji^ 4>5—> -** 4«i ^jl5*4 * i4^J^^ 

l^bjjjjj ^6^4_) 6^4-)*54Jbjj^4-I ^«-il^-4-k4j C 4«j b (j*5*0 * * — Y* *) (j!^-*- , 4-I ^jb»45*&j£J 

• G-b°,pb* /|*5* Y C — > 0 ) ^jI jl>4jlj-jbjjb ^bft Jj^j ^45*4j 

4—1 (6^4jCbo4 -j> 6 i) O^mJj > l-L-»j&j ^jj£[j ^jIS*4jIjJjj ^Jj&j 

\j b 4-_5* <ji—tjj 4_1 4_5 < . (*\ — ^ ^ ^«LJLjj) U4_> i I 1 (^£j^-*-ib ^£6 ^■'*- ) 

l^l—»jjjj jbj&j dbbfc 4 (c£j,^b j4-)) I-L-mj41j4-j (^bj6j 4-1 lib jJ 4-» ^[^bjjjj 

jU 43wL_>6 i Ij-jlS* ^£J-J4jb4-I cOljj&i L5s_» j-o4_j ^15*&j^j^Sn 5*4_) 4-JJ^fj ^jlS*6jljb45* Jj j 

cb- *— »15* . ^ i ^bjj6^ Jj-J J^-^b ^b jJ b* ^4 j4-& bjdSs^mHuS 4-o ^jl-L(4«^ 

^bfiJjjJ ^4.14.7.*3*-) ^ 6 j^>jlj^ 4-3 j j45^6 i (Y*^jL ^4jjb) Jj&jb ^4-CwLtIu 4jl5^6i cASbjjUfc 

.0*^4Jbjjj ^jj5*b jfij4 j ^4^4Jj6j j (Ijbjjj) 6 j4j|j4j>^j 
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t jLS*\J Aj\j$J J jU4J 

Iij4_«j4j ^4jljli^S* j»4J ^S*4 j j4S*4j 03^%3 bJj ^jL>jiji 

:ol& 

j*LS ^6jU>j<iLMj ( jlS*6jS^ti.4^) jl^^L 3jja£ ^ISL^j jb Jj jIS*4jIjJj ^6j6jb Ajjj> ~\ 
Ij4-&4 J 4j4S*6ji^j^4S*j4««j ^J«jj4j C<^jlS*6i tjruli jIS*4j!^Jj {^^^33^ ^ i 4 j6^j 

^jbfi-^j^j ljLw.15^ im^ ^4 imi4.I ^j»4j l *<« (^j ^ fe 3 -^J ^ bj J L&6^j4Jk • '4^ j j*j^ 

4_$*4j 1^Jj ^^j4»o4 »>.*' ^ b ^^>^bj 4__l ^ c->L-S*6i l^*^f ^^j*L_tjb 

^ Cwoi i j l^*V b^ ISbj*o 4—t IS*0ijSsS*<L j 4j*^j 4Jw^>D i (jobjj U ci-w> IS* 4 jji^jC Jj <.Cj i 

j CoJbJ ^Jjfijb ^4JLy.J4j ^15*4^ ^ZjjJbj 4*oLoJj (iJfij j Oljjfti OV4&JJj ^£jj£[j j6j4j 

j4—*u4j J lS*4«t,j4^J^^ 4 j!jJj ^j^bj ^L> ^-^J4^ ♦ jlS*&ijLuj bj&^ ^Jjb ^ ~ V 

*L_> C*-Jj^J6i ^4^*4^jjb (iJljJ^ 0^**0jL* 6jb 4jlS*6i (iiljlS* CC-wb&i jlS*bj&j 

• CbLbwob 4S*4 j!jJj j j IS*4*o j4S* fijb ^4 j!j4^?JLj 

6j4-^JLjj jI^J&j4_^JLjj I-L^Jj&J ^jLS^b 4_L^> 4_I Jjj_j ( j^4jli ^4**jb ^jjjj — V* 

O^SjljV ^jJ-&4JwuD i l-L-^Jjfij ^bjbjd^uj IS*4»-»—> ^jl^LjJJj ^bfi-Ljj4S*4i ^*JLm. i 4j 

.^jbo4j ^ 4S*4 jIjJj ^j4*j4*^i 

4S*bjO ^jb ^j^-OjL*! ^JJb4jbu6i bjl^S* ^jbi i- ^b- , ^jb4J 4S*4 jIjJj ^^rSbb> “i 

.jIS*4j!jJj ( ^£4bt/4S* Jj OlSb Cw^ijS-> ^&Jj Cbjl^j4j j Cbu ijLuj OoJSJ ^Ij b 
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: jLi^j 

^Sd<—>d-i>j ^J^Jk4—^ui ^ ^ Oo^—^ ImLj IS*4*j^ b4S* 4 *_>^j d j^yu^j ^£4_$*4 »w>&j^j 4S*4j|jiJjj 

♦ jOOjjj 6j4jdo4j ^*oL^4j <iJ jlS*4jdj 6j C6jj45* ij-tjj* 0 J ^^do 

jJij jijj ^ ^^2 L>IjLj 4^_»4d c IwLjIS^6^IjL>^ 5^ 4^>jd4d — ^ 

• I-Ds.j jjj 4 J j*-d° 0 * * 4jlSd 4j4j!^4J ^ c* o j do 

i^^dj dS* ^L—il^-» 4_S* 4 __> I«\j lS*4*w>4^d4-_i I^J^j ^4S* 4 J ^£4»tb ^4— > i^Jo ~ Y 
jjIL4_S*b&J j^j jd —1 ^jIS*6jI ^)\^d4_Jb 6j C4__)4Jb IS* 4—~.> 6 j ^ i »?» ^d 4Jbj ^jL-^fijIjV 

. 6ji_j 4S* ^^*jdj ^£j^4 - «»*jO 

^j4_^0jd j IS*4dj->4^^ C6^6«Lj^-» ^L-f ^£jj-k4*j (jlSd»*.jdj& i 4dj-»4^u 4.) — \* 

jjd ^,o ^ * ^6jLo J£_j 4 j*^j-i4_mIi j4_t . ljulS** jIjL.4^ 4 J ^S* ^J-Lidi)j^* OJ^ ^ 

.(jlu^ j4*o ^ 0 4jIS*0 jL> (iijJj4Jb j 6j4JoO 

^£jjk4—> c** « *3 O Lij (^jjjb l_5 J (jOs-tj d_&) ^jlS*4 * i4^d^lS*4 _odo 4_:Lj 

j4SdjLJL> ^Jjb4_) 6j4j &jjj ^4S* jlS*4^-tjj» 4jL»j |»^f4j C&j4jlS*4jl>4jbj LwU jjjidj 
. 3j4^l^4-o4SbI^> 4^j|jJj j j.^S**L_£i 4S* ^^JO^S* ^j,jijL>j jij-S* ^JjhjS* 

d> j_i 6jIj4-j ( ^S*4_jOjdo ^6^4—5 CCJuO jjj ^dj ^olj6ij4j 

4 J !»Lj lS*dj6j4j cr'^Jj^- csP^"' 1 -' j^"‘‘-re>’ ^. . 1 1^ ^ LT 1 ^ Lf^Tt^iJ 

d—^l\jjJ ^ J ' J' .0*^4 ^JJJ lio jKLa % _ 1 Ojii ilS^AjjAS" ^ IJ1 ^jj 

‘(0^ d i^ * <«'d » 4*_5d do C 4_^^C^ij45^^ <. 1 5 i ^ 1 < •> ^|^»wO djjj 4j ^uJ LS^^»o4^d 

> 6 ^ 5 4^_» j li 15*d (jL:.d C4«^4 *j|^^j j ol^j ^J b ci^i4^4*j ^^dj!^ 6^4*^^! 
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V 1 ^4_$bjJj ( jlJ > OlS*&-LbJ jb>4_£/&j4Jb 4 j!jJj^ C» J^6 ijft i 4jl>jb j4j IjJULo 1.5 


jj—> C 15* 4^-fl^jjJ ^ .MljS* <LmuJ I 


-mLo I ^ j^-mj^J Lki jj^Lk 
_jbj jlS**CLtj ^6j4JOjSbo4^ 




—’L) j—? bJ^J^—^ j j—j ^t jj_Ssj ^£j—S* ^ 
. jlS^U ^L*i£ *UjL>JL>j 


4j!jJj »^jI^^J C 6^^—>ij!^ A 7*4* ijJL»^S* O6 j^>bj Y 

*^JJJ Jh 1 jb bb b^.^ 

• ^ IC^M. | ^J .5 ^wyl i jj 1 .5 ^jl £b jAj£ kj — Y* 


jLi^f ^jb>jji ^r jlS*4_t ^jb 6j6 ^jj ^4j>jb j jlS**UoJj *L>jb<U fi j<LLjja5jjj i — £ 




^J^^LJwwU 4-$*^L<—)^bb > I^Jjj 4_>4 j I^^lI tfL-5" jji b—i^ ■ -' jj^o tfL—I <*-— b^> “ fi 
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jl£djljJLu dxwjjd} ^jb: 




















jl£djljJLu dxwjjd} ^jb: 




:AwLuJ 

^ ^^«b4,#0j£S* 4 J l^j4Jb 4 ^*j4j 

.IS**-*j 4>J[ * **» 1 ^ C^jlS*6^b 4*jJjJi C^jb C^jb) ^ b 

aj^ ■ • -■ 1 ^Jjj—£* 6^L-» ^-J ^ 4^_)|^4»J C^j^y-k jj-J>jljJ> t^b 6^b4_9 4__) ^pu4*jb—cu ^»4j 
(^£4_ S\m)j^J ^bjJJJ ^S\ t7> * * J^mtM 4_)4^d^lS^ ^Jjj^j i ^ L*0 ^j4—> .jlS'V ^Jjjd^uJ b 4jLw^jJk4»Mj 
^^Sm)JJ**J b^jdu\j \ $^ ^»4»J ^ (• b^^ji^mUj J 6^AjJ^J^^b> ^ b^du\jd£j <s)b^ ^l^b«J> 

(>iJ^mmUj LjjAm^kM 0^6^ C^JL ?^—)jJ *• J^++>) l ^^S\jbj jjJ CX -' S » 

. blj4Jb 4^j4j jb^L) ^PjjJj^lJo ^jlibJ (^j4»£ij4ji5j j ^Lu 

^£jb>jiji dS*Jbj <j->j2jjj (•£*JjdSb 5jb 5 U^^> ^sjb j 4 j jLf^b 

b^jdJub lil^4Jb4j 4j 4-yi^ 4^* . bl^j4Jk ^ J CbL>0 6 j4jjjJj^Li 

CCyU_j4^b ^Ssjfi J 4.) If* Lj ^ k jl$*45\J&^ 4Jb 4j L<ywwyD .Aj£L& 

jij^o4Jb 4^J^> C I jb ^jjjl^bjj^ <w*Jj4Sb ijft i 6^5 Jj-yyb ^jZujjj+i ^^*Jbj 

jIj4-J bj^JjS Jj-»4 —mi L ^Z£jbj±S JJJ-*J ^^Jbj 4 J ^jbj i 6 j4jjjjj^Li jIS*4^J)6j 

J-j jjj&i iSjJJ Jbjt L_> J ^jJL-ufc i jLj IJuLLjJ j15*6jLJL£ i 45* L&6jj*U& . ^j!j4j 

.c^b^ ^I_» ^6j4j ( jyjyJL> (<*—*!j-yyJI) 45* 4^J>JJ I j 4j ^*^4j Cjb ^^J^JLujb i 

$UJA I JUSbjJj jAuAJ (j? 


4_)4_^ ^jbww-yfcul^ ^5^4«jDj4jIil^4^4^j4j 4J 4-» ^Zj^Jbj 4J 

^4J Cj^ I-L^bjjj ^Sb*^w> &S i^b^^J ^wwyuO\yJ 4j ^Lmi4j C.^y^* 4j 

^ ^ ■>■>! ^Dj^>i*i ci - b^ w* .Iil^j4^4^j4j ^b ^jlS*6^^b 6 ibo ^jb4*j 

^4j cibw»lS^ . 4_6^431^^^ 6^4jl^4^*J4Jfe 4^ 

^4*j ^4»j4ylu^5* ^4«j ^jbo^&4j 4^45 b jL o ^jb cC^oi i b^A*J l^4^J4-^ L4 j j^6 ^ ^jlS^fi^b 





jl£djljJLu dxwjjd} ^jb: 




^jL>jji CC->OjO 6j4jlS*6jb 4ojJi jbb a£ ^*Lwb*bjjj j4o . fijCojifti bjjJjdS dS 4j4o 
^£^-C- tO • Co^O jJ jjJ ^ C>4rfjO b^^J l^*C 

4-j &jl5bb ^5bLj ^_jj6j j ecC^S^ ^jLo 4 —j j (Geometry) ^gjIjj^o 4j 

. 6 j<Cj ^5"6 i Lj> ^L> j COofi i j^5bjj IS" d£b i Lo IS"*LoJj<C *Uo Lj 

^^-jjbj bj^^m J b - fiibo ^£j> ^Jj^-obj^u ^j\j^>d£ ^bjduj&jdJ L> 

_i ^^Sbjj jdu CjlS*6jljb> &ibo jb*U ^Xjj^lCj bj<CZZ-Adj>b 2 dS 4o ^^[jjjj 

I i4_£*6jb i^JJJ {jjlLmujAu bjb ^CL-yuljb^o Ij4_j 6j4-Cjjj 1^5*6 i jb Jj ^5* 

l-0bjj^ ^W-9^Lw-jl J ^Cjlijb jLij ^jlS^^O^O ^OjjJ ^ b ^A*ml*ml**A &£>b $ 

c l«w j 15 L . ;: j » cJ^o^^ c^b”^ l^jjJ-j I^^l—> &^&^bj cl— dSmjdj^ ob-w^^jo—> 

. 6^6^b ^b^-wJ>6i Cbo'IS* 4«j 

l^gbJ\-J J (jl.JL.C ^j-Oji jlJ—O ^-LofcjO^O *U CuIj (jiCLC ^6jCJjJJ^b 

J^obo j<4_><b &j*L_Co& ij^b cbOolb (jbJLC .CC-Luj<L>6 ^ (J^j-’bj jb ^ISV^I^U 6ibo 

l^&jbj 4«b ^O^-O^J C ab A^ C C O ^jjjO^Ci <w*- 0 ^jb*b^O b J\J <w< O J^b b - 

<JJ}J j^-b^ l ^***j£ ^L _) ^£.bo&^ ^jO b* b_^J AC |^£^rf-<0 Cfi^4ob&-b*b jLf^b 

^b" ^ IjuLf^b b tfUfij£>jjj^b ^j-»jjj JJ iUjj cblj^jbibj^j IS^ L^0L» 

• Co^6 i ^^Ssjfij jldf^b 
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x\jA*i£j* £)4&)L£ 


4_1 ^pud^4_) Cu>JLwj^jO Ij4J& ^ L^*Iu ^bjjj ^&^4jL*o^L> ^aJ«j 

^jlj_Lu ^Ojl—O !>ajb cC^_lj6i ja SL.jli' ^a ^^oja ^ ^a__L a j lj^_)J^ 

^aJu ^IjjJ" ^jljL^> ^jjbaL_. (Atmospheric Optical Phenomena) L5 _£jjaj 

6jaL^oai" a*j 6^aj*«w0a^>6^ J 

^jbjtCS—uj\j£ ^LS^aJ CJudi a»La»L ^jajLoaj* coIj^j ,pbj jajb 

.6j6jIjLj> i ^£ j > ^ j \ j4Jb ^ai^j aj 



S SJ Lib gjifr ■ iL*fj Li d\_r. (j J'Lj'j£y I r -< ■ .J ■ ■■ ^ 0^-£i_pLEl-E\_i fj Jr J ^A_iLi £ 

!_j L^eu ^p c\jJT ■ 1 "4 nJ □ Ej| r>_>q jj—i^pci—p oj ^_a ^cul—i ^.p-T-T jPHj|_di 1 ^ ■■ L3 j cj-l? y 


ja*_£*a*j c ijiLwwwo: i a_i j C*—ijj^b IwL^^jo j ^lS*aJL*^>aJ Ijajb 

Auto Convective Lapse ) ( *i'/ t> * ('Vi, Y><l_. c^ jL.Taj ^^Ju ^1 Ijjf ^1 
^ul^a»jb (jbub c^aja^L (^jL*iL») ^£jbaJ aj>ja^o ^»a*j ^Va^ .(Rate 

6jaL^a_*aJ ^£a_b> ^1 j— 1^i .> ^*oL^a_»4j 6^ 1^ 1 .> I^l^a__&a^'j4j4j 


. IjJiiJj&j 4 j jjjja^Jo ^jlS"aJ CaliOjjj ^S*b jjj jajLo*L> 


r* * 



















jl£djljJLu dxwjjd} ^jb: 




a_) Ij4^ 4^ ^4-*^ j^i t (J* <J 4 Jjjj jLoiZ ^jljj5* jjj4 j 

^£6^j4*j L*o4«j> ^L& i^mj 1^Lj^U Lu 4«j li^u 

4_t jj-j jjl—>j <£ C(^-^Y) c6j4JCwo*L>&i l^J 6 J l^JJJ 

^ *t> * 1 4—tlS^4«t i L»^j &^4 jj^j^j4j4j !^j4Jb ^IL4«w*—>^4*j C^u £• j Y 

. (Y - \ Y) ^JA^-Jj C 6j4^jLo4j>& i ^j6j (^JJJ ( ^£&j4jLo4j> ^4JLmJjIj ^4j|j4j>^j ^S**U4JLmJjIj4u 



C ImLmn^J^ ^Dj4^Lwm. ' I^.S* ^jIS*4J CUj^ ^ 4jL) 1^3^-?^ L> 


^Ojl—O (iijJ—!>4Jb liftj-ll Ij CCJo l-LL£ <iljJj4Jb ^4^1> j j4**i4j jljjS* (iij^ 


: L^^JUJ ^^jLSj-fc ^jAjJj&JJj J4^J c^AJ^O l£J 


:(ulj^JI) 


^ L&j£. 


4_S' jO*J 


CT°J 4 —*J 6 


> (Mirages)4^Jujl j4j 


C 6^ 4—*.*iT Ljjj ^ITLwL 4__> c* *^ 6 ^ 4_S* <*Oww*4j ^4^ ^Lw»3 4-w. c 1 j 

^u4 taI ^o4 a j l 4_>j <S^ 4JL»»$4.7_i< ■>,< I j 4^j^j^4_$'& i I 1^. . . ^ f LS* 4.T_/^ ^j4__)6 i Lx> 















jl£djljJLu dxwjjd} ^jb: 




a5\> J «< IS*d ijliT ^ jj * o- * '***'3^ 1 ^ jj *l*l* ^jijjLi ^Ua^aJ 

gQs >v> < * ^a^_i b> a*.^ uO 6^6^a^_i ^£j-&a-o ^ga.^N-b_jl^a-j . 

b < V < * <Ij a_I ^a_» <»a.:— «,ilj ^ dbja*_$^ Cwj i 1^ c^wLoi ,2 Cu.2 d^a^aJa^ aJ a»$* ^£a»b*lj^^ 
Ij ^6 ^m£jdu a^ajljaJ ^jb cC^j &^a»$*aJaJ ^S b wi c gu aJ a^-b^l^aJ a^ajl^aJ L> . ao6^boa^> 

♦ a^U-ijl^aj c^-oa_t ^jJu^a^j cooja6^jl^a^Ja-& ^jb 

. (SuperiorMirages) aiUjjljaj ojjjjjj j (InferiorMirages) aibujljaj &jjjl>> 

:(^ItfHitl uljd^JI) 4&b$lj4J 

^ Lj>aJ I ^^5\»ww>^ )a^ d i dJaod j»mI i 4j 1-0Lj> 1$^ajdd a«ja«ja5\-bj IjAJ ^a_> 

a_»aj!ijL»ij4j a_SsJujljaj fijjj 1^-^ ^a_jjjjcaJ •(Sinking) <£^ ajL^a.v_,> «,< I j ajL 

di-Jo 15* jjiftjiLo cdi-Jjb ajao ^^-JLu au Cab&ijjj ljjlS*&jl^£jb^rb IS\jj j jlSbjLLu aJai* 
^j-> ^Sba-o ^1ja-jb dbJLo> ^Lgibo ^jjbajJJo j CJJf&i (*j^ jjj l£jO ^ obojjj 
^j* ^p^a^.^oa-j a_S" o6i (^jo> ^l^a«_& aJ di-w-o> ^-wo^a^^aj ^ 

. a_> ^jbwbb 




















jl£djljJLu dxwjjd} ^jb: 




4V*<» i j-+-> C4.^»bjlj4j ^jL-i 1 j+*-> 6ijbi jdmjdJ ^jbjU_J Jjj 

jjW* a -~-? jJ jb bj4JLo ^^L> OJL> I >AS*4 *j jj4jjJ 

cii-M^w* ^6 j4jLo^L> j 6 j4j l^x4i ^jJb^SZub i 4^ 4-tlj (iJ4«)4-Ljj Ub (4^4/«Lt>) <iJftj 45*4-wijjj 6jl^5* 
^Ij4_k < ^Oj 4_5 < ^4b ^jj4j ^ &J .(V* - ^Y) C45*&jjj lj4Jb ^4j^44iI jIj4j 

J (j^ ( j Y) 4—I i yb^J<L -L ^Ijj—$* ^Ij—Sw j_^> 

^S*4j4j4j 4j 45* 6jbo4j* 45bjLo 4-tJj . 6 j4JCLo 4^>6 i bj^ujbj i^JJJ ^6j4jLo 4^> ^4j!j4j*5->4j 

j^».».l b^Li^ULLj ^^4r4/^j Uwwy .' i ^ ^b ^ <w*-4j> d iJ 6 ^ 4*J Lf 4 * L» 

4-t 6jb 4J4 J j4j .C^UJLob ^L> crblu45* ^jlJL) ^*^4j C4«4 -JLwj!j ^^Jjb 45* C*ljlj6ilj 

j»4__i 44i Jj—f bjJ& Jb ^_$* IwLjLp^Lj 4_I jL> <iJ4 )4»tiU ^b^ 4^J> 

.(1-U j4jjj). (Desert mirage) jblu ^45X^1 j4j 4j Co^Jftijb ( ji4-)6ijLi 


c^jjj j^—^jbb j l ^^1 1 ^6jJwii ^jUki (Highway mirage) b^jj ^4^bjlj4j 6 j 

^Ij4jb (iJjLLc> j C-oib ^»j 45* 45*l5b»J i^JJJ t I«Aj 15*6jIj 4J& 6jjj 4j 4jbbu ^4^1 jjIj4j ^jjjj 
^ 6^4ubo4 - j> ^4 j!^4j>u <-») 4*j ^£6^4*jbo4j^ ^*oL^4*t 4»J <w^j 6 i <w*-4.4^ji ^45* ^ 

bj\ j—^J-»Ii 45*DjLwwl4 i 4^ ^>6 ij4_i ^jj^ 5* ^S*4«wib 45* 45*1 ^*jj <£33J 

(^4*j|^4j bo4*j> ^4j iS^^-b-wO^j^j ^4 »mj^J 4j4»fe ^j 4^o ^Jjj^Jb C^b4j 

.6^lt l-Ul^lj 4 J ^4j Coj4i"oj6 i l5 Svjj 4j 4i"l^jj b^jl^j^J Cj4i"45bbjlj4j j4-^4j4i" 


r*r 





jl£djljJLu >3 




j jl5*Lc> j jlS^i ^ (iJfij cC-JuO v ^j>^Zj>’ Iju^jIT4-w>IjjcU j4^4j 4^L>li ^4 j 

. IwLJLmi <j)bj 33 ^&i j'uo^p j3j ^ ^ li j ^ ^jlS^UdjlS^ ^j j1L*j 



dJuj^ue J Jj4-S*6 i jJjjc L_f J lS*4l —£ i l-LJfL&jjj> ^4_1 ♦ ulj^JI ) 

^6 jj-j> .(Looming) jjlj-^ljJ4j& blj<L-&<J Coj4_S^jiolj j jl_>j> I j 

Lj> ^L*—oj^S* ci-w) 15 * cX o ^^ 0333 


*lJ CwJi^ ^/03 4_S^ ^ j jy»wOj^" <w^ Li" D ^ ^4_£ < b 6 u l^j4Jb ^ £j J> 

^£6^j4*J L*0 4«J> ^4 * ^■** 1^ U^J ^ *7* I* l ^£6^4jL*O^J> (^£j^&4»<«*j 6 ^ t* £• J Y 

IjjIT4»w«jjJb4 M Mii ^ 4 -^J^jj^j 3 4^«j^Ij ^333 4—t&ijLo '{£ 3^3 ^£333 

• b^bjbjd^j ^ydSljAJb j ftijL*/ jjjj I»L»Lo 4^* 

















jl£djljJLu a^b: 





^aJu ci-W» IS*” ^jIS^^jLm,/ i-J (jrC-^ W 1 <w O jS*6 ^ 

j4_J lj ^4—L»4.J CwJ o4_^ 45^6jIj ^JJJ j^-wj ^lj4Jb 

m» * ) j^lJ 6^tfCLw0tfL?^—> L-t^ Cu^ Oj*U IS* 

j^M |I^J ^L_S^ S^ft ijfi i bjbjJjS ^lJ 4^ ^LwJwa'AS' iUj-l CC>A-0 & ^ J, ^ lI 


r*o 





























jl£djljJLu dxwjjd} ^jb: 




a ! ^6jlja_J0ajb a_» ai^LJ—bai* a_jaj|jaJ c(0 - > Y oLifii C^baj* 

• 0” . Iij IjCj^ ^Ijjbj ^^Ss^-jijjL 



aJLjj />*aj ^L-S' ^au j c_5\jL-o) bj^—> ^aJuaP a_^otfU ^A—idjj^s Lko jja*_& 

jL> a_S*6a*—> 15"j^u I ^ - - <b a_l (^£a«_baP ^jl5"aJ c&<^a5"Ij 

tjauL-Jjbau dLL^J jauboa_> .(V- ^ V ja_^j) a_> I ^ b (^d^d jJj ^_J ^5b—-w^L> 
^a^oau c^Ufij j^b ^ja^aJad CbpL^jlj jjd a5" olS"o jajLuaJ !j i^jjj ^&jajbo«L> 

iL-»j dadj^ i j3j ^j—ijbi ^»4 j Ij.Lj'Va.kjij^ ^ ^^pb"aj 

.6jabtaJ (daj^> £) ^a^jpt (JljJLc-^fl) ^jl5"a^jj &jjj aj <iAjjJj a*jjj *ol5"&i 

a,M^»oaj> ^aJjL ^jl5"a^>^baJ cc^uww^ajd^ l^ajb aj omILj ^pus^ajboa^> 

JP-> ^a5"a5s »<» * 1 ^pu6^a*j ca^jb^p^b <jd»p> a5 ^Jij ^S"a*j6^ bo Jp 

• Cwu !.»L<5 "L>jij^ ^6j*uboa*> ^£6^a5 ^jbj a*<«9a»& ^a^*jpt 












jl£djljJLu a^b: 




:(£>2 j « j 3 ) 4 uJjJ } 4 £ 4 j 


^AjIjAjj^JLjAj j c5\jA_iA_£i ^_5sj6j Aj <*SsJbj j15\j&j ^ (RsiflbOW) ^^SbuljA^A-I 
v,* ■>^i-uj A_)I^a5* ^A ^_> ^6^A ^_> Jj—> .u j j^'6 ^jiS ^ ImLjIS*A*j l^jbA*j b^bj^m^ ^A * ,.mi 1^ b 

J^L-Lu iC*- L> jLfjZ J cil-jj ^^bjl^jdj J*L-Lu J JjM* J obb 


j<L-> jjj ^^SbJL-J a_S" tC*JJ obb ^ l£JJJ J jJ>aJ L ^-buj 

^£b * ■>**! l jA * * > jj-J 1 b^A*—*mJjASb$ <w< U jAS *b ~ ^jlS*6^jb Aj ^ 

. Ijuli'ojb AujJi jIjaJ Coi liA^A«^b jjj jA^iAj A-t&jb 


^ 1^ 1—*■> CwJfi ^ Cw-c J J » 6 ^ A^wb" bjjj ^^uyj ^£&^Ajl$bli ^£jj^Aj 

I-uLjj b ^o 15^6^b> a_i^J i ^Lj ^».» »> a v><> i^»w) . Ij^.lS'fijL A^jJi ^UaJ 

^S*AjA*>^b Jj 1^5*6 ^ (IjAJb) 6^jA^oA^ A^j^> C A^w^bbw* A^ A&mtMmtmJ 

Aww*—>0 j l—*■> ^A^A*^Aj A»$* 0*-o0 C w jj » b^dSsmCL-*—' jaJ AJj^ jjA^blA-) •o^) JJJ CA# 

jA_j C*-IjI^J 6 i 3j J-O ^jL> liAul5jAj J C*wL> jUj5* a 5*6jAjlSb^ lj 6jAjlS*6jb AjjJi jb 

A__)lIjb *L_tJ^J i jA_t b J*bb—> A_£*AjIjA^ A_$* Ajl$b&^ ^£A»wwwJu^ 

^A^*_„.,’ 1^ L A*j fc^A^ojA^j A^* c£Ja«Ji5j ^ Aj A«jA*& ^ aS*^ ^ ilb U ^bl^-» A«^ 

.J^-U ^jl> 


r* v 






jl£djljJLu dxwjjd} ^jb: 




I^jLu IS*aJj-iA /*' »ji 


jljL^> <ja—^L jjjj 


^—> c cud ^ ( £• Y 7 ^ a ,;:j^ a»> a_$*) ^^sjbj ^jIS^aJjjja—^ 

jUL ^ 6^jA«L^*xi6 i £> * J ^£A«tIjj£S*Aj ( Aj LwLj^/OAS*) ^-’A^Ii^Ajfi^ ^^sJbj IS^aJjjA-^ 

cfi» >S\Jb j ^)AJk d£ tj) A—»6 i Aj I i I i i Il^o aJ jj ITaSnjD j AJk 

^S*Ljji^j ^ *7* Hi ■> ^£6^ Aj (A — ^ Y) ^AAjj .^A^-O ^£*^[aJ Ow-ujjji ^^.oI^aS* 

£tl^j&j A$\j6j Aj AAj^jja5Uaj ^AjL^SsIj ^JJ&AJCLi& iA^ Ijjl^fijlj AjjJi jIjaJ &jAjlS*&i JJJJ 

. jLjL^aJJjA^ ^^jAj ^IS^aSsjj j 



^ b^j ^ A ■>^yv ■>,>! ^[ ■>,>!Lj j 6j6jbA-J ^jAJujAj&j ^5\j6j . ( j2o !.AS*Aj ^Ij^Aj aIj AjaJj j 

A_I ^jlS*A«^*jJj fi^L-» A— 6^5 . b^bjb $ aJ do ^ ^ ^J13 Aj^j 

. jA 5*0 C-wjjji ^yuIuL ^^JuIjA^* fijA^sjfij ^jjj aJ bj^jjbj 

A—j^ jUaJ ^S*Ljjjj ^mwj JwS' ^ cil * iIT 6 jA-u ^A_>j >^jj A$sJaj 


& jgdSs—6^ ^• ljuls'fijL AjjJ• jLaJ i IT • ijAw«^yIu i ^cJA j IAjI^&^jLj 


V * A 



















jl£djljJLu dxwjjd} ^jb: 




^hj^u (J>\j*£) C * (secondary Rainbow) 

j j&jl—£fj6ji j JJJJ I bj*)l <lJ jIS^cL-5sj6j . (*L_tli 1 V ^*L-t +>j£ j*L-^aJ 

.^jj ^ry^jb AjAjIjaJ ^jIS*45sj&j 

^JL^u ^b jAjlSb-b ^Ua-JaJ cCJwj Cw^jji (FogboW)^^LJ ^AjI jAi" AjAJIjaJ 6 J 

c* *j»^L—> ^A*j|^aS* Cw> j£ b $ j»A*j b 3 &>j\£ 33 ^ 3 ) b ^b AjjJ i ^jA*j jLaJ ^^^333 

• CwJ 7 >V> . J J b J:& >V> > .^J 4_^<L<3 4j ^L_S* eiJ^aJd 3*3+) &J i ^ ^33J ^^-Mj^-1 

C*jjA_ $*6 ijfc i l«L^J La L> 4 jaJ J J^ala 1^33^3 (^>\j3j ^ (DewboW) ( j^oCj 4 i^i U&fijjAJb 

^j 6 j A«_$* C-uO ^ ci-a»L^ .^jLf^b J£j b^d*^ m *jjjdo 33^ aS* {£^36^ 3* w -i 

C*—j ^b 2 U&6jj4_& .iZ+Jjd^b 5jb 5 ^jftj ^333 jA— mjaJ 4_£*4j!j4S* j jLa AajJi Aj C*wu!j-<I/ja!,S 

Cwj^ IwL-cuftjb ^»aJ ^jb->^J) (Moonbow ) c^jLo ^^^333 aJ (J\ -www> ^jJw- s 5 ^ij*r 

A_a ^jAaOlx- AS* <ww» a i 4 ^"Aj I^A^" 3J L«w J ^ (^^Aa) o^abo 

•j 3 c^V 

: (JJlSl) 4jU>4£ 

a—j^ ^jJ^a^aS* ^3^333 ^a—I l>vi—>$^ 4 —i-1 j-^a^Ja —> aJ (Corona)ajLo jjl> 

^ * **33 ^^*A^aA lL>4«> aJ A <1 <1 )A«_t bojA^ . ^m^\j 33 j <w«w*J6 ^ &^jAalS*6^b 

jLaJ ^S*bj 33 ^SbwLo ^6jAjl^-*Ii ^JJ&Aj C*jja 5*6 i oSbbo J J>^ (JjjOAj ^ J Ij-> 

l^jjO j jb*La i^^~ > 333 C«w*ijji AjLojA^- . (^ — ^ V ^dJuj) cljjlS*6jb AajJi 

^L»4 —1 bu ^6jAjl^^i j 6jA-Jjjjjlb 6J j*UJa IjjlS^A^ 3 j**-> 6jb AjjJi 

C 6 jA_I.)p ^ Lw> dl 4 _> 4 j i*S\Jbj3 L- 5 bfi^ ^ 4 _)jb ^A_miaJ ^jl$^A»Sb&^ A»J^J cCwJ (jIS'aJj^jAmmi 

^ fi^fi^bAj 3$—^ 3 b3bjb$ dj 33^ { m ^' m> ^3 3 03 ^ 6 ^ 33*6^^ 

•^J (iljjb ^jj^-*Ii 4 j!iAj 6 jA_Lufijbjji jlS^A^Jfij 






jl£djljJLu a^b: 





^/LJjjj <lJ (J-Jil) 

4_1 C*Jj4-^OjO JL^L I-L-SnjLo 

^ 6 JLJJhJ-^ ^ I 

cj^M.* L> 4j IS"fi ij IS" 

^£j4^s_)j IS" j ^JJ) +*' <^-5\j Lo ^\jjjj 
(JJlS"I) ajLo jJl> ^6jL> 4J 6j • 6 JLcdS 
*—^ ^ Ob^— ir? 

djj*—i <Jj \—J a — i$* c O^— 

coLTo C^-M^jji fcjj^S" ^£*L_>Loj*L> 


dip IS" jLjl» L> 

dlljlS" Co j-LoD i ^jJ> i <U (JmJ5"I)4jLoj4^ 6j . 6j<o!Jj dldLd ftjfiJj&jLwoLo ^jj^J 



( ) AjUjA^ 

^^Lj^GjL aj (HalO)^uLojaj. 

^ I«A^jL»o ^ ^liA^JL £ijj 

J l^^-I • ^-<—MJ ^o^lLj^Uo 

^ Oj Aj L^—m* ^U^uJ <w<uj^S"j 6 i 

C^JL?4j j-» Cjj^b«) (jlS"4^»j&^ li^dtlS" 

Qj^-£j^6j ‘upj* c ^—^ 0 j a —* °j0 

JJJ—HJ ^S"*L_j4jj L> ^JJ— I — S" 4 J Jj4— S"6 ijft i 

. fijfijO ^S"*U4 jjL j 6j6jb<iJ 


















jl£djljJLu dxwjjd} ^jb: 




^S*Ljjjj ^^SbjL-o ^6 j4j15n—mi ^-oL^4j 4J C-wu6 i C^ijj^ j C*J-^S>JLt 4jboj4^ 

O'—J » ^J^jj4 _> ^Wi_wO^ <4—>jJ C I Aj l^40bj^& 4_W 4j l * Ut 1 ^ j\jAsJ 

^4_b ^i-jj4-_) > I^ c* *jS*d ^ J£^4—I jjIT40bj-&4««j JLwm^j ^ &£40 4^* cCww ^ ^ 

^ 4—*-i*^f ^pL/4-O ^jbfc'^^—»*»,' IS*4»L»bjJk4 _mj ^ Jl' ■ ^ 1 >j^" . lijfrfl—,iJ-)jjj 1 $^^ 33 ^* 4JO>4»I 

^jl^4_w)|^4«k dj (J ^3^3 ^1(^£jbi ^^^jb^J3l 

^£0^1—0 IS*gLOJj^-&4J 1 * u> >jS* ^£jL-> .6^6^!^-^ 4—f^4S*6 ^ 4J IS* 

bjj^> J (4_,SlSbll ^j^MitOOl I) <UJJjj ^ bj^> J (^taJLfc) 4^_)boj4^ 0-w>S i Owi-Cjji 33^33 lj^> 

b lS^4»L*-ljJfe4 - Mj J LuJ 4. < ’ 0 . ' Ij b> jL J L) ^ U bJ*Om£- I) 

• O-oO Ow*/jji boj4«> j(jJ 


0^0 lS*4»J d£ ^4-mj 4»J 4»lL»^u -> ^S* ^^4^*jjlS* 

4«»)bo^4^ ^£6^4 «j J£j .<^lS*6i ^L4jli IS*6^ bj> ^S^bj Jjj 33 ^ i ^^^333 3 (PriSID) 

^JILua *>^S* ji j jllj 5 s-» ;L—O t A 3 ,J^a i 4 __S* 4 «^S*b jjj ^ ~ - ’jJL> <■**- ^ 1 O <«ijj^ 

lj4 *i 6 j6j6jjj bjj > *\ * ^4 4 S* 4^S* b j j j j4 ^4j . bj^S 4JLJjJb4 


fijftjjjj fijj 


_> ^ 3tj^ 4j j4^_^_S^,4«j C . V /r^ ^ Y Y , 4j 


Cw^ijj^ t-^jb^o ^jb-t J3-^" <^£j3^ 4^_»boj4^ ^4 jj b ^3i (> bjdSZ&m£jb 5 £• ^^4^u^5^4*j 

4^ ^b^^j bj C 4j J3^ ^S*4j4jjb YY 4j ^^4j4j^b ^ 

. ( ^ * - ^ Y) ^djZj . 6 ( Y Y) boj4^ S*333 









jl£djljJLu dxwjjd} ^jb: 




i{ *U^L&I jhb»yU)) dJjJjl djjp' 


tiiJLo ^ «7 m^ 4__> *l_L* oL» :Sundogs c IVIocksun 6 jh^ 

^-jjijj 4»_t j3j jLoJJbaj ^jL»^S*4oj4Jb 

l-Lo*^f^J&jM^^ ^ dubjdSbjjdjb jm^ Ojj45*OjO 

^U^-I OLw—o^ JJ^" ^ ciJ-olS* 

S jj-wO ^^wwlj^jk^—«.* JL_cuj5* ^ (Pl3t6S)<ii—*.V.*.Lt t>*k ijjj ^^l-wuL^Lu cCoi^u 

guL*-u^ *OOo o . O-o 0^4o ^33J ^ ^j*^f 

IjtfLo ji^-j 1 ol^Lj &*j ^*)I dj i*CwJ b jj^ U (Sj^LwwwoC 

. COjD i O-ojji 4 j Loj<sL> 

0> i I Jj IS*Q-»-l^fe4—*.<■' 4J L*-4 aOjS* O 1 - ii*LolS* ^J3J ^ 

C<-^ i j 4^d ijft ^ 1^L-»J> i ^ ^ — ^ Y) C ^ Y Y 4j j 

. 4o*Lfc j 6JJJ-O 6j6jJ> ^6 














jl£djljJLu .^2 Aj 


: (^»&J1 dJL*£l) 

^4—» j4j lX w' s~ ^ ci-w> ) IS* (Sun Pillars^^Ljjj ^jjj»y ^ &jh^ 

&jij^ (jL»4S* bjbj&j 4 S* I^S* 

• (\ V - ^ Y) ^£4*0^ le^ U j4S* 6 ^ I ^ ^^**u-t-j4»J 



£/^jLu*t 9 <ir~io ^CUJ$ 


C^jj4*_Sj6i Ij-JjlS* I.AS*4 *j ^j4S*4»J 6jJ^ -? 4jjJiji 3 4jL oj 4^ 4*j4ul^4j 

^»J-j J^—^" 4—S* (i»l * 1 15* J^-S*4j ^ i Iijij4«& 4^45* i^j ^jIS^ 4»I ^jU^-»o4 - k 4^»j^> 

.^J6i l-Lw-Ob> Lo 4 J L&6^j4,& .<w*m» > 

:(^k^i) Ji^JI) £jAm*aA& (SjAj&tyj 

4 *0 4^j I>4jUT4«o j4 >,>» * 0 4j> 4 ij4^1 (AurOra)^j4L^_o4c> ^j4 >6 Sjbj 

L^—o4j> 4J 4ju ( Y 0 - Y ♦) 4 S* ^4jl>jb j 4J CujjJLuO bjjjjj ^4JLll^jj 4 J 4S*4uOjLo 

b 5jb » J) * ,*2iAJ ^Lj> (iXj»Lj4Jb * -W> 

Oj4 /l* (^£4^_tjjj4J ^j4 **» *o4j> <^£j 4^_;6 ij&j . 6j4 i ( ^£^JL>4^_t j__Jji ^5^4 ^_i6jL oJjj 


nr 










jl£djljJLu dxwjjd} ^jb: 




jUb^L-) ^b&j*L-« j) I» 15*&jj&jLi—obo jl-SLj I5jjij4jb ^L-I ^pi —jjj o v iijJLo6^ I jj lS*^Jbo b-Mj 

. (J^b ^Lj6j^LmjJ 

^ (Electrons) cXw ^ ^ db—>»IS* ^j> 

lS^4—^ ^C5^4 —) \^mmUj^m>bj lS" bjj^j ^««LC> 1^6^15* JljJ^ 

^^S^LjjJJ J Jft ifi ilj5**UcL) pL>jJub J J^Um£jJ l £b J<*5bJ 

^>\£b 5jA*S jb^LJjJCSbJ^j ^bljL&u ^IS'jJ . IjdLf^b *lJ jl5* 

.£*jjdSb 5jb 5 pub ^j4jOj&j jj 45*0 dJ*Uj4j ljJL*>jJub 

:(j^a^VI jbd) dj^jLwjdjA djjAw 


jL> db-LJajb ^a_» (.t^jtuSbs ^bjjj (Green Flash) aj^jlbj&ji ^jojbo 

^ A „■ I,■ .*■*.‘.v— » b> 4_T.>gQ *L_>jb L—> ITbj6 4—I*.*.' 4 J I>»LJLj*V 4Jkjn^ L—» 1^L_ > ^->15*4*5 

^ A ,5*i _Jji ^jljL^> _Sbjjib ^*7* >45*0j*G 1 j5sdJ .dX—JjJLufii Ii JJJJJJ 

ij^Jb^Sj^j jLj ^lS**LJlL> _ > dbdjlS* uli(i 6j4jjjjj^)b ^jbfjji ^5* CdL>&i &j*L^£*bjjj 

^ jjj - -' *■* - 1 ^_S* <*dL5*0 (j-^Jb J *lJ Ij i 

IOJ_^J^- , J,> > ^j15*4J <»£*—jj^b i l-L-dnpfcj ^5 jJjdI 

^ 6 jbjj—uj I ^ >*Lb<jU*Lb ^jpjd^^ob^ASmJjj bdud ^ I ^ b jjjd ^I ^jLS ^^—^\Jbj 

1 j*m*~)b 5 L^" > 6 _jbo^j ^^sjbj 3 ^JL3^J ^^\Jbj bo£U Cc^lS^fiwL«-J 

. sdoj^^L-S^ 5 »» I AS^^UA^j—> 4_1 J ^b Ldjfij ^ i^^Jb 

^jIS^4-Jj (Jp—p)j<L -)6 ^j 6 j dU- J >jjj 6 ^ ij’"*-* 1 -^—jbjf^b ^jjj-j 4jJ£j 

.( { jm^£>) j-jLiSib dbjb Cppjjfii ^ljljjjjjljbjJ> 


£ 






jl£djljJLu >3 




: jAwAJ jSjJdj £)4SjjL5 

CvjJj » d^4jlS^4j4^ ^j J 6 j aj I^S* 6 i c3nj 6 i 

&—> (jl * <Ju >4^ ^ 6^^—*J6 Im\j l$*aJw mi 1^ U i 

.CJu6 i jA5s-)jIS^ LftJujJj 



j4_uj^J ^Ju—4 -LL^o j ^6j4jjjjj^Li ^6jLo &j C^^4-uj ^aJu (iJ^-» ^^Jjj-Oljjaj 

6 J^jO l^JJJ <^,paj £>jL^£>j ^S^i. 

bj<L-)jbj ^JJJ (iijJ^aJ j 6jfcjlj^- jp ^IS^aJjjaJu ^6j^jli gj4j ^jj&ajpufi i (^^P^k-wj) 

!ija«£i aj ^jXid^du .(I. ^ V*- ^ Y) ^ajLjj cCu'JLubUft^ 6j6^jjjji ^^ajfijLoaJ a^jj cajajCLCLo&i 
ijL-Mj ^jjj jLj olifiijjj ^jjj <iljp> ai" cflljlS* olifiijjj 

a > ^*oja_£* ^a_L> ^i-jja_»!i ^jL—> L_S* .6^a * >jjaj ^5\*. ^ ^ 1 6^ 

IS^a»Jj_)a^_ci ^6^a*jl^a^Ja»& ^ ^ Oj^ <«£k^ ^ ^L> 6^a*j^jj^a*j 

bja /<' a_I c»5s_)&i a__*j^j ic*—»L> daj^—^S*a*_>&^L*o ^ 1^i c ^__>0 ^ t^bj& <<< > ^»5s —>0 

.((w). ^ I* - ^ V ^jaJuj ) a_»ajb l^jjj aJ ^bj^j <j)bj Co 'JL**~ub 5 bjbj^jjS ^^^jbj LoaJ 


no 






















jl£djljJLu dxwjjd} ^jb: 




J—I cSbj&i C^CC«M—O J ^&j4jj|jjj^b JcLmJcLI 4-)4Jb ^0 bfi JujC 6j 

IS* aJj^J L. I • U mJ^Lj <w< U $ jJ^ t&^jbo 

*L-I cSbjO j (^£ - ^ Y ^a-JLjj) (^JJJ (^^C—^IjIj *L-i 6j6jIj-^ j&j*L-i Oli&iV c5bjf&i 
jA—> L> ^4.7—* <,' Ij L> ^4 j Ij4J>t * i l$**L^$\J6 ^ cCjJ’Lm^. o D ^ 6^6 

j—.> 6 j*Ujj6j ^JJJ cL>Jj*lJ j CXJLCCob A*SdSsjb 5 ^j6j ^Jjjj JJJ^J 

.Co'JLufaJb CCu4j Ojj5* ^ kjb jLo 



















IjAA j jLj 


^AMIjLjLu (jZAJ 



nv 













IjAA j jLj 


^AMIjLjLu (jZAJ 


x jLS^Jj^A 

Climate ) ^^yljA—kjjb ^y>JjA_k j Ay*jb <jbLlA-/ 3 jS* Jj yjASb ( j^ 4 jI i jl$y> c*y^S* 6 i 

A*Jo^S* (jj*Ljb ^yJLJy-jA^by J_j .uIj <iJA*j jjy> by jly IjAJbjjb ^>jijjb a 5* (Regions 


aJ &jljLy> ^IjA &jjb bj Ccry_ mjLj Ij^LJbjjb 


jly .i IS*A i* i U 


jjAy* j_j 6^a.^**J*aJ^^ Jja,j> aJ a*S* cjj^S* &*jb ^bo jj ^jljj^ A«wyy (Weather) 

IjAJbjjb ^*^Aj .CmJ& ^ _jJJ ^£A^bjj bJubj b 6^ C b^^m^Jb 5 JJji (JJa^jA^^A^ 

“H cJ'-^ cr 1 ^ lSLc^J^ ^ ji-)* <_sA%0 ^ 

A_i ^_JcJj&j A^^Jijjb jj-^A_k IjjLy ^£6 j4j Jj 6j!j4j ^S*A*j6j bo ^ftjAj CfijU-tli JL*i ^y*i 


A i ^yA^j: Ay b Ay C*.Jy Ij^LJbjjb ^y .S^S* cjL.mj 6 j .Oljyjjj jLS* (SLb) jAjJjj j ^jb^b 

j bjA«^o j Cj»j&jb (iJftj cCwwL w Aii 5 ljA_kjjb bS *6 J Ij Lj> bjdSbj 15 * 4 *-tjbob 

. fcjAjjjjfijbjji j (^jlyll OI^^1) ^yAjljy 


^£-J i 4^, »<» * ) J Jj 1 * M» 5" ^y IS* A__l A^^ta^S*A*J J IS* A_w) |^ A^J^J b Aj i^^rf*bjj b^ 

‘ j 1 ^JLA«jbjbj!^ jA-J C |j_j lS*6^ 1^ bj> I^A_&ji^ b A—^y^AJb A—I ci*UAj*Aj ^yl^AJbj^jb (^£jbj!^ 

♦ jbjL) JlSb/ C jbj ^y lS*6jljL> 6jljj jyoAJb Jj Co j\S* 6 ij6 j 


j <iiyCjA»Jb j^LJb ^|jA-Jbjjb Aj OAy b ^JjLj lj ^y i^S* ^aS byo ♦ (<nS (Jijl^J 

Cc^ y .»j>ft ^ IJ^bb»-<wjAJb jA«Jb aJ ^£A«IlS*^yJuS* jAj j»^yjjjA*j ^ylS*6^y> ^yi^S* jblib 

(JjLSjJb c A_)AJb JIJ_S* ^jb-»i ^S*A_(I jAJbjjb Au ^y-*4Uj2y j IS* Ay IS*jJlbb* A^o JjJJjAj jj^oAJb 

<^jl j_> ^A_S*iCo i A_S* (j^j2j) JJjJ jbbuAj Aj OftjbA-uj ASb^S* ^ShuA-iV ^jlyljAJbjb 

Jj ciJI^J^ ^y i^S* cA-*b ^jA^iaJ AjAJb ^^A^^j^lS* I^AJb^^b Ufcfi^^AJb C fi^A^y^A^S^^Lb 
db»LJ AJb aJ y jA_;jyj^b J-y A^_Sb/ L5 SbjLSjJb ^ I jAJb jjb .^yAjbjya ^Ja^oJS* 

• JI ^JwJww* I ^ Jj jy ^y LLy>o AJbjAj ^yj^A^S*Aj^A_Mi ^^oL^AjaJ I Jj l ^ * > ^JAj>jb 


ru 





IjAA j jLj 


^AMIjLjLu (jZAJ 


b 4 j dLUS* jlSbbj<Lfcjjb ^jbdlj jjJd^fcyU (£)I$J 

^jljiUbjjb ^^jijjb 4j 3jj-o lS**dS*V l> C JLbb ^13Lj ^jldjb CwjO Jj jbb j^b 

S* 3jj-*o »uiL> ^ djbS*&i j4_S* o^j^j ^^-ij^-S*&j jL>jJj *vd-u6i j^^jjIS* 

J IS*4—*-* b djb^ L) 4_,tjbj|j . C-*bS*6i ^j lS*4^«S**^f L> b^do IS*6 5 

bjjbj (^Jdjbl) ^jij—S* ^jd^ do <U4 >^0 ^jL»i Jj <du^\S*6 5jb^*J jLSbtb* 

CwD i4j LLu^lJ «*o 4_> C I Jj IS* d^ajd^ Li J Lj JJ&J b (<«LiJJbbl) jS* Lmj ^ J IS*6 Lmj 

• l j^>do ^jjb Lj ^-d ZjJbj ^^^>jijjL ^jldLLfc 

(j^bbjLLd C-w^-ijdj ^jbdlj LJfc ^lj*LJ&jjb Lko jj4_& J LjJuidS &)\±J — T 

ddAS j I 1 ^b 6j4_m,i ^i*^L>J J*mj dL^ IjajbjjL L»y J I ^-o ^b^do Jj djlS*0 3^jO$do 

^j-)Jj^lj> bjljj—Sj Cd-bb* ^jl—S*6jljb> &jJj> L)bb . cdLdl^jj IS* 4 j b ^j ^jIS*6jIjj j jlj^S*j 

dL^ tL4w " 1 ^ 1 * ^ ^jlj4_kjjb ^ ' l ■** ■ ^*b 4_i l -•'■*• 1 ^. ^* 4__»4Jb J Ij^S""J * ~'^ ^ JJ 

jd ,Mib LSs ... < L> ^jlS*tfL_>jb JIS*1 * »ui^ >jlj j £j u-d^S* ^J>jb ^ Jb*i5jb J*—£Jdj^U 

. jb-fc J jlS*^U-ijbiL& ^jb j Jj-fecLcw 


^j^-S*6 » aSs »t» « 1 jS* cii-I^S*^i Lo IS*b 4 j i£ 

3jj—o iL-S*iUjLj!j (JZibjt L-j (-jj-> ^Sbbt—d jbfi-LJ^j diftj Ij4™fcjjb ^jlS*6jiL-S*6j ^6jL-ij6i 
^6jj / Cw^ijji j_i jl^jS* 4_j^L>jb / l£jLo Jj Co^SbjftCdjljjfii 


dI jJd i 3 Jj-j3^_S* 4-)6jjj ^Sbd-d j b ^fij&jjj&jb (^6jjj • 6j6jjfijb 


jj jbjbbu J\mUj b b do 








IjAA j jLj 


^AMIjLjLu (jZAJ 


X j45dA Ij4&jjU ^ 45 


♦ 6j6j!^> ^4j!jl£jJ& j»4j ^*oL^4j 4 J &jjJ>j!jjJ> {jl ^ ^ > ^jlS*4u>.jj4Jb ^lj4Jbjijlj 

. £jJ^J I ^ ^4„mj4»I ^ ^jLj ^4jjL — ^ 

. IS* <Lo 4Jb L> IS* — V 

•l£jO j 4 -^ jlS4-> ^ J c^l-^P uA**’ lA 4 ^ £ b SiJ> ^ cAi-^ 

• 15*4-0 L»j 6 i ^L»0jj4J J4*5*4j fcjjij ^-0^5jJ£S* jJL — £• 

•J^ J LT 1 ^ lA 4 ^ 


* Aj 6 ^ ^ £jJ*H ^ 

•O^A^ cr^ lA 4 *^ ” ^ 

.jL ^L&jJjj - A 

^-jo^S* j^—> ^jjl— j\£j j—5* ^-5*<u_woji*4o jL-^jjb 'i^ mUJ 

I 1 ^4—^J^-5*4j ^5 ^-w* 4 — 1 4^j^—> IS*4 »o. »^4Jk ^I^j4_^ji^Lj 

j4_$s_tjlS* Ij^LJbjjlj i ^jlS^4-^S^6j<iLMj &jjj £jj*j J*? ^ ^£j Lo i ^^JL<joj4Jb ^lj4JbjjLj 

cA^I^ j ^jlS*4_olj4Jb 6j4 —1 j k jlS*4_olj4Jfc 4JLmjj Ij j ^jJbjA^odS £5 j£j ^4j>jIj <iJfij C-wLf&i 

J^L j ^ O^Lj J 4 -^ cAj-^ jA c O^Aj LS^Ji b J ‘Afbj'A J <jA^ 

4_I ^j6j4_^o45* £^3^J ^£4j>jIj4»j ^ £jj^~9 4j ^j4^J Ajk& u £jj^~> £p*** J 4—> 4 J U 4j 

^ |j4Jb4jL MU jj L> A * Ljfc j4_^)4j L&6jj4Jb . OwLifci j4»^ojlS* IjJLjjUfc £jj^j 





IjAA j jLj 


^AMIjLjLu (jZAJ 


\£ IJl_L>jU £33^3 4_1 4 j>r iQ. * ) ^4 7 U 3 I Ju L **<j £33^ 3^^ >.» ,0^l> 


: jL54ujIj4A$jLj 4il)jg ^UAiu 


jbS\jJj*Lk ^JJJ J^LmJ^lI Co^SsJ ^jbi Cujj I jJ b tiueUb |j4Jbjjb ^JJ> 

k j^LulS**L«w)!j4Jbjjb ^y^b-ob C jjljb*J> b^Lp &J&JJJ oj5* 4J 

aJ ^jlSb^Jb 6j . dSdu 333^ jjL-tlj^Jbjjb i> _^j^jjb ^5* ^U4 jLLjj- 7 u j 4 j ^jbi 

4—>..»■'j-o ^l-L^o L^*U ^L-l IwL-«-j b O > ^£jb 

Ij^Jbjjb lSb_b*& jV j w»jIjLj> ^Jlj J—1 Ij^-Jbjjb £*6 j 

^ ^jb jJL-£ j 4jbjljb> j 4 j ^gbjAj$j£ 3333 3 IJjIS*6jJj>jIjJj> ^jb 

(>bjj5j-£ IJJ £kj jLibJjlS' CbJ^b-j jj^!j5*4-t*Li ^£3^ ^3 jjj IjAJbjjb . i jjj 

c bjj—> i £3^3 {£333 ^)4 -mj^J 33^3 3 ^33~? £ b ^3^33 b b-Ju-o IS*^uj 4 ^jj IS* ^£jbbj> 

.^^jlj^ubjjb ^^b^^b-*— >dj 3\* + ^ )j[£&j A*j\j&£bj <C 7 mu 3-^ &3 


J_> JCZ-Qjj^St L_> Ij^L-fcjjb ^IS* 6 j*L^ 6 j j* lJ ^jbj jb jJj> dJ^U l^jcO Cu^ft i 
(jJa_j 1$J<L_J j*L_Sbj —fcjjb ^JJJ 4—J ^gJja—& J_j jL^> ^lJj_J 

Jj—> ciJ^ ) bo 4_o 4 7 1 j £b ^7 *7> i^* 6 *jb 3 * 77 4_t ^ 4 * > fij*L-i lwJ*j 1$^ 3 ^ b 3 

*J> ^4—iwbjj 3A*—) !^Jjj> 333 3 $33++)^ ^jb-il^ 

bfii um d {£3^ b 3 ^S>^3^ C 3 <w ^-»6 ^ ^^3^£^Xj ^£ bo^j 

jj^o 4 -Jb ^jbwJfejlS^iLi clj^Jbjjb ^ 6 j 4 ji^S^bj> Jj 47 Lw^jjbj 

bbfiJj 4 -Jb cCw-L >0 j-tfJJ-J IjljLj Jijb^J OLS^O IjuJubbj ^jj-Jb ^jbj J bw 7 ' d*jj3j 3 b 
bd^^«j 3 b^M^-w>j'ulib ai"^^I ^ o b 3 ^^ 3 ^^ 333 $ WJ ^«j^jI jJ 

• 6i JJJ J OJJJ J jb^b 


m 





IjAA j jLj 


^AMIjLjLu (jZAJ 


^£j4-5ft^) ^ ‘ " ^jL—I 1 {£ L»04 \ 1 i^J IT 4 * 1 4Jk^^ Lj 40jl5»45jj0 ^£4-OjJ}J 

4_$s j^ 5 45" CCufi i 6 J 6 JJ ^jo4j Ij456j j4j ^5 jLC!4LLmj 6 i bj C OLu ^^jIj^L&jjLj 

. 6j!^5 lijLCLt 4 J ^45"4JO^5 ^ 4 !^ 45" ^4^ Lo lj j4j ^LCL^Luj& i4 Jj 
♦ Jj ^jo45o L ^4jli jljCJLkjl5"4 ^j45"6j ^Cj 4 jl5"4*o!j4 J&jjIj 4ojl5cCJjj Co^ 5& i 
.jljL ^ j45" ^£4L> 5 j45"6J cJ4j 4j QyyyQ 45" 4 jLjj l5*4*-Ijj j4j — ^ 

.5^40 <iJoj45"&j 4 J ^jL>j 4 C-mCu 45" ( ^£4jLo!j4-kjjlj 4 oj15jCJjj j4j — V 

.jLun&JbS jl5"4*o!j4J& 4 JCmjjL 4j C-mCo 45" ( ^£4jLo!j4J&jjIj 4ojl5cCJjj j4j — V* 

. 5lmj 40 i ciJl> ^jIj ij _^5No4-MjjUb 4 j CXCu 45 ^4jLo!j4J&jjIj 4jjl5cCJjj j4j — £• 

j4-^i 4 J ju^4i ^ 1^4-kj^lo ^j4^oj15 4 0,-w*- 1 45 ^4L<«jI^4^ji^Ij 4^l5to<«.<5jj ^4 — 0 

Jj^o 

(^£jJ-J> ^ *** J-j 1 J 154 * i|j4J&jjL) 4j^^^» t-*Jjj v,* >^5& i 4^6^4^—t^j^o ^4^4 jj ^o4j 

♦ ^jo4^o ^Jo4 I i ^5fij4^4i 

4-jj15wJjj j» 4-D :Genetic classification (*Ulj-uVl) jLS4u4LcsJj A^jliojJjj -> 

^j 154-oOj4Jb jJ-J>^jIjJj> j4-< 04 J 4—i4J& jL«jj4^ojl5 4-5 CICCL-mj 40 4jljl5jJ& j4 C4Co 
4j 6jj^-wu4j *■ j ■ - 1 b^ CJ 154».i 1^4Jb 4.T—< U ^ jJ-^ ^5>Cu 1*11 ^4mj 4J l^4Jk_j^lj 

^j!^4J&^jL> ^ (^2j lj) i? 11) j4^^oj j4-u4J ^ ^£j4^oj15 J ^5*^fLj> 

45 4o Bodyko j^5o^ Torjun^ ^15 jl*-|^j ^^4m^ 4J *»c4 * j56-l-Lw* 

^ Bergeron ^4-54 oj15cl5^j c cc l ^ 4j o (^jL^aJI )^ < *‘*^*^ 1 








IjAA j jLj 


^AMIjLjLu (jZAJ 


j j\-J j~ <j% jJj a Ju4 >j4jb cClLw< UO Ij4«jb 4 7 ,mjL 4 > - - * 4__S* Flohen j\-Jj 

Ji jjL-> *L_I ifl»7> >4.$blj j_> 4*_t4»& ^jjj ^j^bojj —mj 4«_» C j\_i jjjj jjj ^7y—* j IS*4^jj4^fc 

. j IT4«w» lj4Jbjj b 4 uj ISO Ijj 5^ ^j 45 sjj IS" j C-wIijj^u ^6 j4-L»Jj^JLI j ^j|j4Jbjjb 

^Lo 4 _l. j 4 _^ 4 J 4 jLjl 5 olJjj ^ :Human classification jl^Luj>* 4JjL£uJ$j -Y 

4*Jtlj4^&j j4_j j4^bjl5b^7*Jj-j4j CC*JL>6i C »w* j j ^ Ij^LJbjjb j 3jj— *o jlj_Ju j->4*j 

^4lJjjjC* 4J t Lft J-JjJ j j ^4»b cfjftj j4 ^6 i Jjj-o ij^ib 4j j LS^ 4^ ^JOj15*4j 

4 _*4jb 4jLjbb^lJjj ^4 j .6 Terjung jru j Maunderj&jjj-o ^ 4 ^ 04 ^ 

j jljjJ* j c^4? ij\^j Lj j14J" jijjIj jAj4S**jb5 _jj 

•Oir.jlSC/j jlj^Lo j4^ jSjlS* IS*6 j Ij bj> 4j.jjjg 

j4_^4J 4 ^ 0 ,/ ^jlJj_j ^ 4 ^ :Empirical classification -Y 

Ij4_kjjb ^jb£*6jjJ> ^j4 ta ^ fc jjlS^ 4»J jbj ijj-Mj jJ 6j CXw^m. 1 ft j O ^£jl^-«J>4»j (^Lo4JLj 

j4_w4j J^JJJ ^b> j ^7 Mljj-cu S^Djjj dJftj ^->4_5 >JLjj ^ 44 .^ 1^01 15^ 4J j4mmi4J 

cC*7 7 +tjbjb$ ^jlj^LJbjjb ^jiL_^6j ^ jL j*L_£*6j jji ^4 j*^1_^ j ^LjtlSbbo ^•LJtftjb 
j 4—jijS*4Jftjb / jjj—> pJ4 -&4j j <iJl—> ^—b j jl jb_> j j4—^ ^4—b j l * I j jlSbjS" 

j (Koppen) (^jbSbLJjj jb— 7 i 4 jjj^ 4 j C j—’JJJ & ^SbjjjJ— mj b ur *l r u IS* 4,q»)j4^ 

. j (Thornthwaite) cJj3 -jjjj j(Trewartha>bjljjjj 

^j-t jCSbbjb^Lj 4 J (^ ^ A) Wladimir Koppen classification ^ 4 _^ 4 ujlSwJjj 

4—)ji>JjJjj ^>4__» . O U j»LJ^D ^J IT.4—i J- JJJ j4 * i|j4Jbjjb jl^4*_j I ^ lb* 4wO ^ *■*. 

jlS^i^ib ^1 J^j-J> (^*^4^ jljlJ—? ^5^4 fc j6j^Ji4J fcjjjLk ^Ijb 6jljT bbj 

^ 6 j 4—Ojj ^ bo b C 6 jj-J ^^JJJ J lj4Jbjjb J (^jj-*-t(^J^ J^J^ » ■4j4^mj4 m j 







IjAA j jLj 


^AMIjLjLu (jZAJ 


CdJfijtjj ^jIS*4^S*6j4 .Mi * *■» &jjL> ^^jjij) I .Mi 

{£j Ij)»** * * c ^S"bob b*Xj&s>jA*fa 

. jijjI j^ub 4jLj4jLi j (^^JJJ J ^jIS^Luj 4j 4^J jJ* I^^JLI 

^Jl IjLj j Loj4_5^ j aJilioLo ^jlS*6 J»J&jb Ij—t^^jl^JjJj-t *lJ ^jJ_^ 

cb*J^_> c* * * ***a*j& » IjaS”"6^ 3 ^—* ^- i ^1 ^5^:;. I» c***» .> c Lw-&^IS* 

C 6jiL-I bjjj U^+>b jj4j *lS* Jjfi i jl^S* ^jbi ^S**uLk4j jb^lS*4»j j4J& Cmj b 

.C*jj5bL> CwU jb 4-1 C*J^S*0 ^jbi ^jbwLfc ^ jlS*4j*jb jj^o4Jb 

C^JCS**L_» *L_I 6j 1-CL- b j ^lj4Jbjjb ^*L>jb ^6j4Ji^S*b> Jj cUfij bfijcL^jJ 

j-j ^~-*—* .fijjij-^ ^jlS*6j!-CL-b IjJJ&jjb ^*0 j 45* ^4j«j ^bo4-Li ^jLbb 

45blijj jb^ljJJbjjb *b* 4_t4jl>jb j4j ^S* ^jbo 

/ (Jjbi }-> j»4-> lj^ t >J jl-C-b <L>jb ^1 jb (^^LojJI jjJ^JI) 

• 6 JJJJJ J jj-^^jb ^JtCZSJu b ^Ij^jjb JljljL> 

^l—oJLk j ^Ij4_kjjb L-k ^JL-1 j j— > ij-S* 

.6 (^ - U“) cJuajb jbwoai'ju 

.^«u ^ A dj-»bj l»L>Lw> ^£* 0 4j>j b ^l^4Jbji^b »A 

.^j-tjbli 6^pbj IjubLj jjjJ |<*J4J&4 j i£ ^4jl>jb IjiUbjjb *B 

c^bb-o ^4-Ju ^1 jlS^6 Jj6 jLwO bo 4^jb ^1 j 6 L&jjb *C 

. d ^ ~ ^ ^ & jf ^0 4 S* ^ A 

clJ c5bb^o ^jijb-i^ ^ ilta b ^1 ^5" ^jb ^Ij^Ubjjb :D 







IjAA j jLj (jJISAaJjAA 


^AMIjLjLu (jZAJ 


I b J^Z)j£i $ <AjL->.AJ*LC «Lw»Lj X LtJ 

. 4j IS*J \J ^JKArnU ^>j\j jb j.>aJwu^4j <^£*L>jb ♦ S 
.4jlS^LabLu jb jlSbSbej *L>jb ♦ W 
.4-1 be ^jl^Jji 4 j ±j\j\j ♦ f 

l£JJ 6 J :W 
. aib^j ^JjjHj ♦ S 

•‘S’JJ^J lt’L^ : m 

ItfUajb tfU-ib* *4 j :^4j ^uJ 

. 6bj ^j*e Y Y 4»J bo i^£dSj I ^><m*J L& ♦ 3 

. b ^j+) Y Y 4»J C^«J bo IC I i) <jb-«-9 L& ♦ b 

• ( j-u ^ * 4-1 6 jjbj ^^Sbbo £, 4 J jLadS ^*0j 4S* ^4b ^1jSbeJ i^Jub jLwO bo jlk tC 

. b Jsm >0 4^ ^4/ f A- 4-1 bo jJ be (^^b ^ I C ij b*l JJJ ♦ d 

. b jJ bj \ A 4-1 4j*^f be ^*0I^^-w» Ccibee^ — * h 

. 6^\*o \ A 4-1 4j*^f be ^£4«b ^ I^^-w» CciJ-ee^j — be ♦ k 







IjAA j jLj 


pdJ&ljijUU 



♦ (£A& 4»Uj^LlU$J ipk J 4J lj4£jjU 


a^jajb ^<L-j ^^^UjlSwJjj c i^ jL^L jLL-Lj<iS ^^lJLLo^Uj j<lJ> 


♦ ( V - ^ V*) ^<LLjj C 6 i <ClJj<L&jjb 



tf i5«uj^ 

















































IjAA j jLj 


^AMIjLjLu (jZAJ 


b ja_^6 y Loai' ^ajijb aJ :Tropical moist climate (A) jlJtiu -\ 

^aJu ^ISl. ^lLj Vo- ^ 0 ^ jj^\j y*mjb$ 

.|*«Lo ^ 0 * * aJ b ^jbj aJ*^L*i ^jljb {j }^Sby 6 J *l^ ^ ZZubS ^jbj 

♦ ab c^y*—*aS* z*-> b $ ^aS^ajl^b a_J^ajbj^b 

j *—bo ^ * ^$bb-o CHjv5s—Mlj ^1 jL (^J—^ C jlSb_!)!jb 4—1 aJL w^ijI^ ^1j4_&jjb ♦ Af 

. l*bo^ * ab 6I JO -^Lo ^«jab jIjL ^ j :Am 

^auVau Ij^i^jLo J 6 ^jjj A * aJ ^jljb a^* ^blSL* ^l^^jfcjijLj :Aw 

jjj—i ^JtfLjs><o a_I jj jL.b ^bjJjj IjljLj a5* tfU<oL>jb j 4 j :(B) ^ULu -T 

♦ ^b 5 4j b> l^a»kj^ b ^a«j C d j\*o aS* 

^ab ^1 ^Sbo 4^ 6jb ^j4^J^> ^dJZSZZu aJ C^»j 45^ ^jbbu ^Ijajbjjb *BWh 

.CJbpbj (j-« aJ aj^fLu 

^a_b ^j\j^ZJ 4_^ 6jL-i I«L-»Jj6jLwO bo ^AjZlJZ-) aj Ojb ^^jbbu ^1j4Jbjjb ♦ BWk 

. ^ A 4J b jf\m> o4^ 4j*^f b*j ^*0 

^aJu ^1 j-^Zp ajlS^iUj45bI^> «L>jbaJ (j^1^m.i4j) ^jbLj aj>u>-J ^1 jajbjjb *BSh 

. 6 j-» bj ^ A aJ ajV L«j ^*oja5* 

^aJu ^Ilj_$sU cjLwo bo aJLLLb—; aJ) ^jbbo 4>uJ ^1Ijajbjjb ♦ BSk 

^ A ab 6 a*j*^f Lm* ^^o 












IjAA j jLj 


^AMIjLjLu (jZAJ 


ibjA^uj£b$ Ij^jjIj ^4jIjJj> |»^j ♦(C) ^JUdjUUL# — T 

|t_L*o * 4_1 I mL^Nj bo 'jOn—ujj ^ oUW ^Jj6jLloLo ^Ij4jbjjlj :Cf 

. b^x*j ^i ^.Xu Cfb ^ Cfa . dL»j 

jL>^ * Ijjl»^L& ^^jLo IwCLcu ^jljb c<«i*Liij ^jbi^j ^Jj^^LwoLo ♦ Cw 

. I X> b-MjJ ^-1 im^sj Uo ^J .J d*} b jJ Ljj 

^(%V*4J ^Uj) cdUj ^LmjIj6jU ^Lj6i :Cs 

»u j jS *b ~ ^ 2 u Csb ^ Csa j cc« u jL> o ^ I«l>Lw«wj ^^ubo 

♦ bj^slf^b i *cLlj<u&jjb ^S" ♦(D)^jLw — t 

[£bj Ijb^5* ^jIjIj^j ^j\jZXj t Df 

. Dfcj Dfb j Dfa :cJ->o 4jblj4Jbjijb Jj C&jb ^jIS*6j6 jJiS 

c^L-Ltjijb jljL ^Ij4j&jjIj jjL) (iJ-^jj ^jLLmjj ^Ij^jbjjlj ♦ Dw 

.Dwd j Dwc j Dwb j Dwa ibjxZjJbs ^Uj<u*jjb ^ 

♦ 4j l£<U Jjj Cw wO » li ♦ (E) -0 

^«u ^ * — jJL-mj c^jbo ^«j^1 ^ ♦ ET 


o 


C&jb IjjlS^D jjJLmjcU *L>jb4j d£ jjXhjX) ^lj4J&jjb »EF 

jjL*j <U 6 JLqaS IjuLj 4jlSbiLo 


vya 





IjAA j jLj 


^AMIjLjLu (jZAJ 


x lj4&jjU ^ ( b^AJAjS j33J ) 

♦ ^ 4jLj 4Jb^jL j 4»s.jj4Jb j*^ -J4^*J i^3^3 O U 1 >^6 ^ 

^4j.jL jljJo 4_^jj^o:Wet Equatorial Climate jlJbuw ^dj^U^S 

C d^ u bjd^o dS ^$3^3 j 6^6 j^-CuLi ^ * ^5 j^S*L> ^ '^^Lj 

Lm.i I j—* J i 4-f j^>4 —1 ^ lj L> ^J^Jb 4—*■* j 4»> ^ 6 jL I-L->Lw> jd£ Ij^Jb JLw^jL 

^5nUjj-j> (iC-li .6jjL-»j jt—VO * * 4-J 4 j*^L*i ^jIjL IJL>LJ CciXjJj cilli ^4 j15njLo ^jjdjj 
dj (iljJj ^^jLSsjLo ^S**ul ^SsljiU cJL*i &J*U ^Jjjj ^ Aj LbJ ^JJ^S 

^Ij^L-kjjlj . C*_1 j 6 i Jj-u rL_Ml ^*Oj<L_£* o c( ( j - y Y* * — Y £• jlj_lj4 I ) Jj-U V V 

^J*^fkjJJJ {£j3 +* 1 L-> 3 333^*0 d^t d^ jljJLcu o^5* 

. d^>d^> l^jjb^L j dj)j^j> 1 l_rww 0 ^J^S' ^lJ (Andagoya) U^j>ImLj^j ^ d^L* I^U-wU 

.(^_ ^ Y) 


L-wojpj^S* / L>^> IJj L* IjLj ^ Loja5^ 15*1 ^ ~ ^ Y) ^ASmt!L> 
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-°0) ^^jjL jl^i:: Mansoon Climate -Y 

jJlo Y 0 ♦ • ^-1 Luj ^j[jIj ^L< J j L >6 ^ IjJL)jLb 1 ^ 33 ^ 3 ^ & j \ j\j 3 33 ^ L* 3 jj^Lj 

^ d^ajdS" 3L 5* kjbb 33 .^ l»L>Lw> ^^\33)^ 1 ^ 33^3 3 ^j ^^3 

^ ”, a * W1 * jd^3 3 d < 1 j\*$d^3 ^jjj Y 1 4__1 ^d—) jd^3 ^ I 

^33 '*' i 1 3 33 '*' l 1 4 J ^_*l^ 4 Jb^^Lj b33^^ >^^—> . j 1 ^ * /«* jd^-,cdS ^Ij^bjjL ^lJ d jjb336*-^ 

1.3 <• (^ Lw^3 {jr^^ Lw^Ij 





























IjAA j jLj 


^AMIjLjLu (jZAJ 


L> 1 * 1 L \j L>C ^Jjj 4 j C L*Oj|jjj 

c^—) ^ ^aS\ *m» ^ (Mangalore)jjJL$NuLo ^cUlS* 


jbLwjJJLJb /jjjJl&lo jJ jljb j Loj4^ (Y - ^Y*) 
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jljJJ ^Uuj*So :Wet - dry Tropical Climate jlJL-w - dLwj -T 

4 J cobfi a jjj Lj ^6 jj^ jjj c£jj 6 J jj^ c J jj^^. <S ( ^ Q ~ G) 

IjJwlo L • JLo- ^»L-)4 jC 4»oIj L> 

(^jU) Oj4i" ^jjj^jjj I-ULuLLmjj iJjjtj ^ j I-UjjI& iJjjtj 

\ 0 • • j_1 ^jLjj j j »jjj (^IjL; j 6^lwLt_cu ^jU ^Cww*6 ^ 

I 4_) Ij^Jbjjlj {£bjj> .A^oaS ^jljL J On-^J (C^jLo 1-Y) ^jLLmjj (^JJ&J &J CpJLo 

4_I — jl-CL-^i ^Ij4-Jbjijlj . !JjIS*4^jLo jj^adjb 4 J 6j4Joj-mjIj6 ■> <_T°J^ 

j OJ_^”W J J M)lj»jb j IjLSjjj 

j LJfe ^jj—miL j -L-L-fe 4_I j jAJLuiAjZ.b (^Ij^jjj J LHjjJ4j 

c4«j£uL j 6jhjj> L*JI j\ojj^j aJ (Darwin) ^ libJI 
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IjAA j jLj 


^AMIjLjLu (jZAJ 


U I I^J 
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^^jlj jljJu ajs^o .Dry Tropical Climate dJuj -t 

^J*^4_.mjO ^Jj ^jlS*4j*jljJ 4^*diJ ^|j4Jb 4 JLwjjL *JJ-^L|J jj^L ^ ( TO — ^ 0) 

4j cCwwJjS • I ^ IS* bjb ^ ****^ 4*1 (/°T * ) ^ 33 J t 4 **j4^*I^^ 4*>^*o ^ 33 ^ ^jL«-m,/4o 

C 6^j4 *_) ^4—iljjj ^*o^4*_S* ^£li_j4«*o L&6 ^j 4«_& C6^l4*t*V L-mj ^*o^ 4.S* ^£4j*t ^1 ^£^j4j 

c£j4*o6iljlj ^ 4*.*Oj4Sj|j}j (jt*JL>jL& .4*0 ^jLj !»A^JLI L*/4*I ^J*o V 0 * 4*1 ^j!jL> 

j 6 jj4_S* ^jL-iLu (iJftj CftjL !JjIS*4jLi Lo4j ciX^ij ^j 4^\J^> ^|j4Jbjjlj .(4^*L*J) fiJj&jLwoLo 
j (ii-ww*^4*o ^IjLojjj ^j^S*L-> j LJIJLmjjj ^4jjjj J oL^ ^ ^6 j4*£. 

^l*i.iM *£> ^j^S*! > ^JLS*6jIjLi4 *Tj I5s_>j>34 i ^jIS*6^^j j5\5"4 i 4 j ^Ijl ijjj L^J!J " > ~ i ^ 

^lj4«Jbjjlj ^j!,Sj_uj 4_I LflJ4-^ ^-Jji ^4^JL*y_jj .jjj_^I(L ^LHjjJ4o ^>IS*&jIjIj45j 

.(1 - ^ T) L ^a.v.ji> cCsl^jJd i (iLiij ^LLo 

/ LaJa^ aJ <uljL j LojaS* ^4JL> ^ISl j£33 (£■“ ^ T) 
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IjAA j jLj 


^AMIjLjLu (jZAJ 


-°Y ♦> ^jL jl jIj <Cuj*St>s :Wet Tropical Climate jIJUm -o 

(^4^4*j|^lj C LS* bjb jm UMm^ jd*yU^j ^ jjfl (^ ( ^ * 

l~L _*jbjjj ^£L&4 _) *L_1 ^£j^4—i 4j ^ ♦ ♦ ♦ 4 J ^4.1 Lm) 

£tLJ> Li ^ j* o4j ^jlS*6 ^-»4 j^(^ 4JkjJjj ^£j^£»L>4d 4 jI^4J&ji^Lj ^»4-t »6^l j-culj 

New ) jj L-«Jjij-»^-o ^45s v... V )j c6^L-> LJIja—^ j*^4-jbjjij ^ ^ ^jL>Ij ^ 

cCwwu^jd ^ j ImLw^ i ^j 4^J'^-> ^ l^4jb^j L 15L> j^o4j IT5 1 4_» 4j*V^ 4J (Orleans 

.(C -^> 


15s_»j-o<lj ^jlS^a j&Saj 4j*^j /jjLJjjp j-J 4J 4jIjL j ^«lL ^IS'Ij5^1j (0 - ^ T ) 
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^^JjL» jljJu ^Joj4^6: .-Mediterranean Climate u-uljdjlj ^bjdj (^IjAAjjLi-1 

4__) . 4_)4Jb ^jIuJ IT 6^6 »V» <1 ^ IT 6^5 |j L>4^ ^)^mj4J ^ ^ ^ (*£ ( ^ * ~ T * ) 

j 6 jIjL^J> jjj ^<Ju—>45"4 j lj L> CC^jjL&i (^£jj&j 4-Jf ^j|jL j 6 jlj—Mib cii—£/j 

6j*L-£iLoj45* ^jIS**L-L i^£jjj . o j4_^J>LLu ^lj4Jbjjlj j jljJLcu ^IjJJ&jjIj jIjJu 4^jj 4^6 i 

4_I 4_tlj4Jbjjlj ^4.^t C(J«LJL*^o) dJ-JdjLwoLo ,oLL mjj j4_»j4^ J_j (iCjJLd »jLfe 

l * IS* i^JJ) +*' ^ ^ C.^-m. i 1^6^ L> ^J^^4d 6^L-> C.^-m. i 1^6^ L> ^L—»j6i »*» ^ ^jIS^4^jL> 

-JJ C^L-^ -S" j Ul»^ 4-j ^JJ-^Lj LJU-(jlj^—^JJJ L^JJ— 

.(^ — ^ T) ^4.^>^.> ^ l^m. 1 1^ bjj Li ^y C»u. i 4 J (Santiago)j^LwuL. 
































IjAA j jLj 


^AMIjLjLu (jZAJ 


L JS^1 I J^bjtjLl dj Aj \^J L* ^ L jAS Jg\\ ^\mtjj (^\ S t) ^ a.7.^> 
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^4j.jL jl jZj a.JojaS'o :Dry Subtropical Climate dluj -V 

6jl^/V—^5*4—JjAJ&jjbi 4__tlj4J&jjb 6 jj-J> ^*L-D l jj 1 J ^ c_ 

j*A Sj iLj ^*LLIjb .cii —£»jj ^^jLLi ^IjAJ&jjb j jljJLCi ^IjAJ&jjb jIj^jL Aj (^JULuI) 
I^ A^j$aS *t» <T ^S*Aj 6j) * *7 'Aj ^ j_) ^SbJLd.' Jj—i 6 ^A^LL-mj 4_I (c-^-L>-CwO) 15*6 ^ 

*L .6wLj6^LwoCo Iw\jC—^L ^aS*a*—iL-*.^ ^ a^^jaS LjjL&aJ .Cwufi^ |^Co (£-* * — Vo *) 

j (Ljjj_mj C(jlj-^X> CjOjA-j) Cw*Jj6jb ^^J^iLJbjjj Ja^CJ 6 jb liliLijJAj ^j^S*b 

L^JJ ^ -9 bJI **' L) j (ji » »<» A*o Li j ^ IS*i 5^SbS*A j Aj*Vj L?bj jjj (^jj-^b 

^ A LJL^ C _i Ak ^jLibj A>u>»wi ^I^A^j^Li ijAj /^jLfAX- ^AjLa^Jjj-9 C Ljj^Aj 

.(V->r> 

j&ijAj / jlf AC- ^£4jI>A$Jj3 ^JaS jL ^ u j aI Aljb j ^AjaS ^£aLj j5Lj (V - ^ IT) ^J A£J L> 
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IjAA j jLj 


^AMIjLjLu (jZAJ 


.♦Marine West-Cast Climate IjlJjjb IjIjAS -A 

^^jl5*&jljbA^ jA*_^aJ j jj—C ub j ^ ( *\ * — £ * ) ^A^jjb jljbb AjojA5*& i 

» ^£j-&A«_) AjIJ jLw.<.'j ^Jjij *lJ j—)jjj j aJL uj ^jIj— tj^Aj ^A_$*Aj|jb . tfuljjl^5j5 
I JwUjL&iJ 6 mLJ6jLwO bo IjuLj ^j-JD j JjL CC^-MJIj&jb Ji^i-wjJ-C Aj Aj &jA-wJjjj 

^lijA_#0 15*5 j I-Lwli J ij b. A-*jA«w^ 0Aj> ^Lu j j b Aj ^JJ^J ^£jjJbAj I Jj L ^ J aJ Ojb^j 

L^lj'-’JJJ (^J^^bj J J^*bj ^ lll £^“- , > ^■' 0 ^- , .6jb-»j6i ^jA^^Jjb* ^JJ&A^j A^oa 5^ ^£Aj*^fbj ^*0j aS* 

(Melbourne)jjj-JLo ^aScl^j . 6jLj bJI J’Lmjj-» b J b J J bjjjAj 

.(A->f ) ^AJL>^> C^Ajjj&i IjbjJj ^jlS^&jljbA^ ^IjAJbjjb aJ 


bJI^V^u^j / ^A^^-m^-»j aJ AjIjL j ^-ojA^* ^Ab j^bu (A ^ V* ) ^A»A*> 
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^Ajjb jljp aIjjaS'o :Dry Midlutitude ClimateJU^Lj ^jLSdmtfij 

jjfijjA^, ^IjL ^jlS^A-j>jb j A_j jAi" ^IjAj&jjb . j^5*b ^( CC - ^0)^1^ 

^ ij^—wjfi ^ ij Immj ^A * ,>,nj b J l-G b —mjj {£jj^3 A»_I . 6jLt IjljIuj aIj^O (aJl5*) 

Aj*V Lmi {£ I i^A^o AjJjj Cftijbj b-Mj^ A^o^aS^ ^i«jjbk ^ ^j-j^jb j 3 ^j A«wjO 

^j V A^JbjJjj j b-^jbj bjjjA^j ^ j^S*b jjqAu aJ 6 ^b IjjjA^o i aJ • 6 jJjj 

jjjLi j*^j —j ^A$s C<jrCo&jjA_j ^ lj bj j j j j jj-Aub j j>-> ^jji^Li aJ ^j-C- jj LjjjjAJ 

.(A - ^ V*) wLifi^b b*Au^h ^i ^I^A^ji^b bJj^jA^o aJ (Ulan Bator) 
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aJ ajI^L* ^ kj^ j^-S* ^jI^I(S S 
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°00 -°f* jIj_1j :Wet Continental Climate jldiw -V 

^Lo bjj^S IwL>Lo . (Ij^j^^j ^ ^ * — £ Q) <S 

1 J -Ju — *JL> JLfe l^£jjbj ^-jf J ijl—^J L ^ i jIj ^jL^Jji IjjLw^ i j <*J coliftijjj 

j >j4-jS* ^SnJJljjLj^ . ^l-jdj^j ^jIjL c-JL>o jIju^ ^*Pja£ j ^j L>j j ^ 

^ L* ^jl^—.c* a ~ ^jL. 

{£jj) **' bj (jlS^fi^J^SbS*'^L j'Vj . C U - J j Li6 ^ ^jjjj 

j L-oLo^j j Lj LSsj^—^ I j J? j j L» U j Ujj^j £ry> ^j*V <Sj^^ 

^Ija-jbjjb (Belgrade)il^Ja_» ^jL» bLjjlSLt^j j L^Luj^jj 

• ( ^ * — ^ Y tUwW Ul^->6 i ^ lwL«_CU 


LJ-> / iljSb^J Jbljl> J (^ALj 0 * ^ V^) 
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IjAA j jLj 


^AMIjLjLu (jZAJ 


^4jjL jlji: .-boreal Forest Climate j^Sb ^jLSAjLuyjb -U 

15^ Li ^j I i lju Lo a£ j ImLLmi jbj^j j jjZij ( V 4 — 0 4 ) 

O jj5^ ^jU j ijLuj jjj j jiJji ^Ss^jLLmjj b4->lj<Lfcjjb 6 jj> • jj^j 

4^„mj jL> ^£6^jL>j4-t«u 4—»4j>jb |»4-t ^4j*^fb.w 6 ^j4jj4j 4J C4«t4Jk 

^^jbj cCojLfii JLmj ^^jl^jji4j j^a^S ^4^4jIjL . 45blijj ^3jdS ^|j4Jb 

^jj^I/b j Ii4j45* j l^^Vb (^Ijbjjj J Ow.iIj6jbaJ .^jLlujj 4 J (iJfij 4->l«U-ijU&4j 

(j-^SbLjiO ^4 ^JLu4jj C&jb L ^j^5*b*Lt (iJ^U^jb j Ijj-U^ub j Jj^JLj^ 

.(N \-\Y) c6j^L ^ISbub^jb ^Ijajbjjb liLu^fb J (Fairbanks) 


b jtl5 4 J ^)bb ^ ^ j4S* ^£4b» b*I (^ ^ ^ V*) ^4»*»>u^^ 
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C'^Lj^ljL 


jj^b ^(°V0 -°*\ ♦> ^b ^4jjb jl^i: <Ujj4$o :Tundra ClimateljdJdJ -U 

^clL jjLmj4»J jL>jjjj boj45* ^jl5*4b» ,J<uVLu ^1^ Oujbfti ^JLmj ^jljb .jij-cubj 

^ j-bji Ij—ibu LdubjjdS 4uVLmj ^I 6 

\j b4_S* j4—bru^J 4__t|^4Jbji^b bj^S> ^4-t . (4JLj^Lk 4b)4*jI^Lo ^ cbw^ 

**'JJ^ ^£j!jj45* ^ j^S*b jjQ^j [£bj Ijb4b* ciJ4*jj4Jb jJ 6^b l»4jlS*4»t o4j> 4j>jb 

»Mjb ^j^4 ■ ^ aa.^ IS*6 j Ij b4b* ^ b jmtmuj IS*l^j b4^^ vU^bw >^ b^ ^ b4^ ^ 

cCww Lt jj& ^ IjwLj4j ^ J Jj4-» 4»J (VardO) jj^jb ^4 ^JLwajj C 4-»4Jb b 
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IjAA j jLj 


^AMIjLjLu (jZAJ 


/j^jb ^a^mauj aj ajijU j i t ~A jas* ^jab b*iy ^ v* ) 
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o4j> ^Ijajbjjb aj :lce Sheet ClimatejlS^ildJ^U^^ 4-ujdj -W 

aJ jljl^ L ^jja-jjj c jjbtb J j^b l£ ( ^ 4 “ ^ 6) ^yb ^ajjb jIjIj ajujai^o j 6jlj^b 

^^woa»&tfU a_>lSbbo ^a_b ^.Lj&jb . Cw^Jj sib jb*s js ^ b-b* 

aj »~* ■*i * (^j ljL-^> ^jsjja^b ^^oL^aj aJ aj&jjab' aJ^fbw ^^ojab ^£lija**o c &jv^ab 

><l_) . *L-»bj^a*j ^sj) * />* a_I a_»ajb a_S* ^ mis j a»> j a_^oab* jJj ^jjjbb tjb-Mj j jjjL& jIj^j 
^ js^Iba^jbaJ . sja^osi ijb»,/ jjj ^-fjj-b ijab -? j^J^aj ^bs^Lijj ^jL>jji a*ja*>jb 

^j6jb „/ <lJ (Plateau Station) j-j}b jj csjb—> jj »ui L j jjS^b—> ^ja ><* *oaj> 

. (^V* — ^ y*) caJISbJja^bjJ&a^M,! a^>jb ^Ijajbjjb jj-iub ^ja.M^oaj> 


jj-sL ^j^mtjxmA^> I jj^b ^aaJ aj|jL> j ^*ojab ^a.b ^^ 1 ^ 1 (^ ^ 1 *) ^aJLii> 
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IjAA j jLj 


^AMIjLjLu (jZAJ 


u jl_ j ljulS*L > ^1 IjjA_ j a_I :Highland ClimatejlSL^ -U 

4 1 ^ b j l O I \ J* _ Si Lj^U I 1 il^A. i b A <kj^ l 1 ^ ■ 'j iiLJjj ^4*** ^ • ** jl^a <4JS>jj b 

4-J j jj-^L ^ISbj jjQ^j 4-1 JjJj4j j jj 5*L J bULjl^ tLmj ^jlS*4«wt!jj4«) 

. 6jL lilHjjJ^j ^j*^4Jbjjj S**U-»!jj4j j L-ujIj <U C^jj tfUVLo-Jfc ^jIS**U->!jj<L) j bjjj4j 


CiL-J IjlS*L_> ^jIjj^l-i ^IjiLjbjjlj ^jIS*6j4-_S*6j ^jlj_S* ^jLo ^^Sb-j Lk*u 
^6j5**L_i AJuj—Zi j IS*jb *L_) jlS*L_> ^Ij^Jbjjb 

j ^^Sblij j ^<Ii lSJJJ ^ !i!j4J&jjb ^jIS*4-»jj6j *U->Jj4jC *Lw>Ij 4 J C^jL ^jIS*4jjL 

^jIjj*L_i ^_£4»j>jb cJy—I-L-> j4jjjj& i ^lS*4^>jb J^S^J 4j C6j^U ^lij4-/3 

C^*o4*S* 4-1 i6 i 4j Loj4^* ^jIS*4J*j cJ^UD^« wli4j d j\^o4*S* ^jl»ww0^4^* ^£4-b ^jlS*Lc> 

ji^oJ^Jb j4 —mj^J jLoj^jIS* jlS*L-> C 4j4Jb ^jbjljb <J”* j^S3J 4jl>jb ^»4*j 

. 4-t4Jb !j4Jbjjb IS*&j4S*6j 


vta 



























^^ajojLoal ^1 jSsIj a! a_> ^L^w> jL> ^^Jja-fc jL ^Ija^jjL 

. (a- 9 jJg~ 11 ) jLbjLau j ^jL-miL* a_> ^ *Vi^jo j & ij L> i j^oa«jb IjjLo a 5 * 

^j^L- b ^aSLL i .Mi al ^ j^j j—* ^^3 aSL>^^^ aJ ^.*.*.t I a 5 LwujajbaJ (jiaS* 

j!^L-> ^ Lo^aS* ^aJu ^LajU^l^jl^^S* ^a-» L ^ Ll^aj&j^L ^JaS*aJ L&6jijajk 6 ^ 

jLSbjlSjjb a 5 >Jj-j> coli 6 ijjj Ijaj&jjL ^jljj 5 * •bj^sh^bs jjaj& j LsJjjJj 

jj^a—ita j ^j&j ^a_SUj^- ^Ijj-^j jj-a> i^j— * ^Ijj^ bJ&j a^ljL& jLjja5s-»jl5" 

j^lJ ^ja^SLijlS* c Ju_fc j jl^L_> Cw^jji j jjj —* j jjL_j j ^yjj—> 

»ca o ajL>&^ Lew UaJjJLo jj d^ajL^ jl^a^ jLoaJ ^pcajl^LS^j-& 




^ * > b ^a **» * al jajb ^ aj I • ^»l^6i^aj aJ fi^aJL^ L&ajj-<-LoaJ l^a^j^L 

L * *t* Jj^ajai" I-L-) j6j ja-M,<a-> I «a> aLjj^ a_M,i L-> j—»«Lfa^> . ^^ajU 

^a_>jL jjjaJ (Lwmwj L> jiujja*oai L-mj jl^l^ajb )LajL—^aJ t>k- 

I jijS* ^ 6 ^a * * lj^»L 6 ^ . 6^5 Iji^—^ ^ 1^-^^0 c* ^.afe ^S*a j 6 ^ * ^aj !^a_&j^L I J—> L^j> 
Ija-jbjjlj ^jL$bj&,s ^a—ojL aja^bj ^jL£*LL ^&jaJo>j5L^_a a_> ca*.*^ jjS* ^Ijaj&jjlj 
^ l 5 *^^-5 jlS*a*^&^i ^a»jL cfJ^ cca-ww^ajo Proxy Ddtd (6 -l> L bt 1) 


^ (jlja_fj6j) Loij5” j ^Jj[£>j\jj£ jljli aJ ^a 5L ^jljL> ^L^jjIj j^jlSwIjJ^" ♦ 

c^..aajr Ij5\1j aj lj<ubjjb ^jl5"9j45 ,, 6j (^-oa5j iL<j) ^ a^ ‘^ba^jj^ 

^jLi ^L^o- ^jaScl^j j liaL-Jja^jjlj 6 jLo j<d Coj^"^ cfJaus^aiiaj 

^uv - c^r* - :a 3 u. r- a_r j^jLo 

^jbW?* ^a^i^bL^ (jL* ^jliV 4 j ^- , bb <_$^bb — 

^jliol j}£ |»Va_j cCo^ja_jli ^1jafejjb ^LoijS" 4 j <l*.S.±l£ I^SsIj aJ jljb c^jbb^ a_»Jj .bj^uj£bb jjjj 
^L&A»_) A_^ cJa_iSA_i cCa-Jjj^Si bjj&£ JJJ ^\jb£LZj^J A^A_) ^Jjj£ \*£ olisijjj (ilajlS^ ^Ijafcjjlj 

. A^aj5" IaJ sjl jL^> sjb ^jSbu aJ 9 jajjs i aLjj Ija_& jjb \£bj*£bj 


n * 










b->jO jLj <^$“^JJJ J oU^"’^"’b^* ^6 jLjC^L» j *L_f*^*Ub i j k jlS**L>bj& i ^JidJLJLJi 

Cwwo ^jLs^J^-5^ iL-> ^jLolj jLi’Uj 6^^>LjLjli i^£aS>*jj aJ .(AjI L^ J lI) 
t^j^j Lo4j ^j^^jLjjLuIj C 6j fijjiijjlj ^jIS**L>L> ^lj4Jbjjb ^fijb^J bjjJjdS 

^Jb*i L^4 jj^Lo ^6 jLo J ^ ^ ^ 

^>j^> b ^iS^L^o bj b^o 4__> IwL-oIj^S^ IIj^JbjijL» tbj^jjbj 

<iJ4«t4-^>jb j4-Jb CIJ»J IjLj> *L>jb 4 J Ij^JJbjjb — V 

C**I>—t jlS*4—£* <0 ^1ji4-J (iJcL-t 6 j^lJ £ ^ww-Ij j 6j4ji £ <U C 6 b 

. jS* Cw . 1 Ij 

4^L> ^4jLwO^J ^jI jljb j Ij^J — t* 

j»^«—j tfL->AjI j^lI Lj> LS^ &J> L-> ^ j_» ^jbS^d^bo ^_j d^4ij 

.oljjjjj IjJLmj (^fijbojJ 

IjJ^S* ^ I j b <• *Lo ciJ^j I.AjlS*4j>jb l^j4JbjjL> — £- 

Coj^”6 ijft i 1^ C j^t ^S*4«t4^>jb Jj-j b^J (^jj^-j 1 iji—Mj ^jb-» 

<w<w» > jJi^Lj^- 1 (^4 m» *o4j> ci—>jj o4j>) I^_3L5LJLSLSL^ ^g- 1 ^ 

lijj_^Iib ^w)<fL_l ^£6^4—1 0 !j —j b-i C 4«t4Jb I i Loj ^ 

. 4_i4Jb 


rn 











j»j4^ £$aj Lb 

jj* L_» ^*L-L bjt L_> ftjb^ob !j<*._kjjb ^jL-^blj ^*L_>jJj 

( * “ * , V*) ^4_$s->jj ^_£j6j ^<UL ^1 j-^pp ^bj^j ^4_$sJ4j4j <.6j4-JCu&i 

i ^ 4 —u.i6^5 C 6 ^£6 ^4_ mi ^gJ IS*bjS* b^&L)b 

ImUoA * **» * > ^£6 ^^mu; lS*d i *lJ ^jlS*4*^O^^S* 4.Jl—^ ^ A A * l—*.*.i ^>J ^Jb^^J 

^jU ^^^b ^Jbj^jjjJjj^j iJjtij ^j^S ^bj^jjjJjj^j ^ 15^4-0 L^6jiUaJ .fcjljjjj 

6j tj**4 (VO ^ *)<*jlS*bjO 

^6j-u4-J <jlJj^-UjJb4-yu Ub&jj4Jb C ljjlS*Lc> ^4^*jb (iAjJj^Jb^J 

lSjO ^ ~ ** 4 ] * * • ^°j a —^ ^6 j^lJ»j^-» 6jbjji ^jj^jiLij j ^j6j ^jj5^L_> 

. l«Lw* 1^ i Lmj A * * ^6^ ^ C-'wOfi i j^wJ l-L-> IS* ^.j 

<^£^IOjL> IS*j ^4-jljboJp j4__i C-w^> Ii4—jj *L>1> |»4J Ij^Jbjjb 

^-1 ^.S* IS*6j4*_S*6j JjJ^S* i ^-O^S* 

d^l^4__£ji^b IS*&^4_S*&^ ^ L-jI» i*7> *S'<sLLj j ^L-$b> j • <Lj jjbjj i >ui #oJ^j 

4—$nJ<L) cLjljjS* j^j *U*C>IjcJ L> <.Co^S*6i 6 j4jIj^6j j*Lj ^IjjS* jj^Lo ^jl^jji*U 

. I j JJb jj b IjJub ^SbU IjJ^S* ^jj jJ j^Lmj^l! C*wLi 











^ £■ A_t bo A_1 CIa ijft i ^£Ab IIjJ^S* ( ^ ^ 1) t^gb^mZi 

^-$bL> j (iL^jb ^^Sbuljj-S* ^jj_> 6jAd* ajljjaJ .(Y * * * AV) Ijjlji ^AdL^ 


uA «^jjfi b^bj\ ^£Aj 6'j-wl ' ^»Aj C^ujS*d » cOod » ^£A»b 



^fcjboAj ^ * , i ^‘^—SbpAj ^j&j l£^^ jlj ^)JJ-> \ 

. b (UY-- U^> 


-> a 1 <.(^1 * > SY ♦) ^j*V l ^ bo^ f i 5 * b s jj ^ 1 Y 

jj) ^Aj> A^*j^^ CI) ^jji^j ^£ 6 ijb,i 

• 6 JJ-*^ ,pbj (bj^~° /U^'S’ ^ ^ ^ bjh’J^ ^-t^djjlji ^ 


I-^jjj l£jO ^ ojji* jL^ (^V*-^H*) ^6jbo4_I -1* 

^JJ— _gi\$\l> ^JJJ ^ l J J ^>31^4 W (J^ A *o AJ a j AjIjaJ C^ * J V* ^A- SbjjAj 

Lpbw. i b—^£jj—& A__)5^^jAd > l«L_ uj^-)bj A_d ^* * '33^ 6^AjLS*A»** * >6^ bo 

^A_b ^jlji j jj^> ^Ss»*!*» «. > ^A_tI^A^JAJb J jJ^A— ^jMmiU bl>b 


rtr 



















^£ s 3^ t * ,,(l^j^ _ >aJ AjjijJ ij ^ tA *i La I i Jj t ciL»i«\—>A»& • i ajA ^ 

3 3 IS*A__tt aJ aS“ 3 l£*A __j i d£ 3 ^ ..miaJ c* i* 6^ A ^j-ii_jLj> ij 

* jjj^ I Jj IS* 

^6 jLoA_J OLfc IjJj j—*u<Aj ^£3^3 ^LojA_$* ^A_Li ( ^£&jA«Jjjjjj 4 »j ^j^&jA—D — £• 

Cd>li&jLj mi IS*A^OjA^ A.JL*i ^j-t 3*333 ^J&^Lo C(Y * * * — ^ ^V * ) 

• UJj-v-^J-^O 6 i (c^ 1 * j fi) i 6^5 6 ^ l .m aJ {£ 3^3 ^£^-^ 3 ^^ Li ^£^ 3 ^*—> 33 - 133 ^ 

^£ 3^3 ^A-JLi ^6 jA_ , 33 J '33^ J (^£j-kA_!T 6jA__tlS* A__tLwJ& ^6 j6jL —1 jA—j ^jlLA-^oA-j 

JJJ—I ^Ojl-O ^LSY^lS" ^jjLij ^j-fc A ZbjjjdS <& 3 ys ^Ji\£ A-^VL> 

•oJjjH j jJ^Ly (^-^■^^- , j 0 L . ^w o j jjjjlS^ ^«L^**^jjlji ^ja^jIjAj 

V 

)Lo^«j mj Aj C-wO l ^g—)3jj$3 i ^JL^m3j+a <jJJLl a^o j^S* 

. ^jA— ^£j^ A— »aJ 3^—^ ^jA-tAJb Iw\jL-iI^-*jaJ ^£33 ^_^JLi ^<Aj 6 ^- , A-i^ ^jIj^-mjAj 6 ^jA^^—i 

oAj C<Ol—l 5*6jA«£*6j jA**iAJ jlS* ^jl^AJbjijLi ^^jjA 5*6 j ^jLi <ii->jl£jjJ& ^jIjJ^S* 

c^ j-> 3 33^33^ Ajljl^jjb j aj I^a^aj ^»aJ .(Feedback) ^£jI.aS*!jJ^ ^ 6 ^ajIja 5 *aj ^Ij-^L 

<£3^3 (^IjAJbjijlj AJ jlS* A^ fijA.L» a5*0 

: jLS^j ^SdjdJ 

^ ./III 3 ^ 3 ^ ^SsLil6 ^^_ijAjaJ ^ .o^iI^JL&A j j3j 6jL^JjJ& 

jA-J .JLmj UbA_3j»J^o Jj 6 jAjLmj jljAJfe ^jliA^i aJ J liljiAj ^IjAJbjjlj 

♦ IJ ISjjJb 


rt£ 










/oV Jjj jj^" ^Sji ^ 

(Sun Spots) bjb jj> <S^^i j^^jljL^- **C> .jj> j ol>p l£jjl^ ^1 

.c^o^jL WjL. \\JzSy>*-> j Cl o ^^L-S*6 ^ JJ^J *-*- 1 AS* Co^ 

<u ^j^S ^4-L i (4^j£-») 0^»w» 

^yjj-f jLj jj^oLjJ (.bJLa^S jj-> jj iS^u^aJ <Jj (Y* ♦ * * - Y ♦ ♦ 4 ) 

’L^ 41 ^ (^^- , ^1 jjS* ^£j^£4JLuO 

^,6^6u cCUj-L5\-o j<i^6j v L £*jaJa£ I-l»jO (^^SUj) ^jlSLJjjS* Y 

cxoo 4^* (Eccentricity) lijj^ l^j^j ^jIjJ^S* 

— YY ^jl^-u4—I (Oblipuity) ^jjbj ^bjbj^j *4JL^ (^^* * *)^£ 4 ^&^Lo 

(£■ ^ * * *) Uo c^-ji^ *.*.* ^ (C^-o5^ Yf ,0 •) Y£-j0 

Equinox ) (jL^u ^JlJ&jIloLo) ojLo ^jjoLi-lj ^tfL-> *-c .c**jo JL-o 

l-vS^lij^iU j C'wudi O-ujjji bj^ujbj ^bjbjdu ^jIjIj A-D^J ^(Preccession 
^^^M-4—> ^JJI^J ^»4-» i ^JL»U (Y V * 4 b ^ L*0 Uyjfi i 

. IjJLmi j!j4J& ^jL>0 ^6jLo 4 J b 5 ^^S\j^Jbjj[j j ^jfij j4-wj4JjJ£> 

: jLS^j ^jjj^ d)LSj£ 

(CI^IjL-aJI ^j) ^jl £ bjb ^>1^ ^j!jI jlS^u ^Jj^jj ~ S 

LbjA—j IS**U ^>j_Ij-C> *L>L^> ^&jLo*L-I ^Ij4-Jbjijlj j4—4—)4Jb ^bjjA—1 ^S*4_ > 

iJjiS* L&bjjdjb CjjlS^L»j&j j6 j b ^2Lcuj 

jIjj-^ Lr^ji^j i_Jy* .bjj$j£ (jLjli'L^' ^J 

J O^^jO LT^J^ -5 6^^* Cw^jji ^J^L-Ssjjli" ^Jj^J 6 j^jU 









(iJ-^j j jljJLli ^fcjLo \j£<L> ^ Iji4j ^Jjfc 6 j-i CjlS^L w»L»j 6 i <^-»0 jj4j 

. I-Ltjfij 

jj*—> 333 <_$—’^J 6 ^ jlS*6 jj*L-S* a^jlS* jjjJ (*Lj|^j) jjj^-J*L& - Y 

^ 33^3 L-^ ^ i , ■ ,i ( I^a *\ C fl <^IJ-11 ^ J\ Q * jJ ^ Sj\S^A . ,i i ^l^Diboa^_I 

a_J J bjASmJjjj+ib 5 j &ja»LLwoO cii^JL^i Jj^L>jj (lilj^Lfe) I-L^j_»Dj aj ^p«ajliLojaJit 

<S^J L» ^jJ«i!j4j!i ^Jj,&a«_taJjijj 6 j!».L-»jjj 6 i jhj — 1 IS*^Lw»I jjS* ajaS* 

(El Chichon) Jftj cbai'^jli'j^j ^bjjj ^ ( > - *,0) 

. ^LuJ (Mt. Pinatubo) j/pluj ^L> ^IS^ j N ^A V ^LwJ 

: jLSAj ^Jjd} 

:<jJftj cjOOjjj bljajb aJ^aj aJ ai* a->ajLjlSbiljjS* j4j 
a_&j^j L» ja-^aJ a_*ajb ^£^ 33 ^^ ^£ja B ^*jjlS* ^ 3 a»_kaS*ja*j IS*a*j > ^jl^JpS* ~ ^ 

^ 33 -i ijLo a*_S" j^->lja_&aS*jau ^l^a-t ajL^SsIj .^j&j 

j jLm— wo j jj^jjLS* <iJftj ^LS*&jlS* ^jj-> ^^L^aJaJ cjjj_»a»jLl^JSi 

J1 »<,) l&a ijJLoaJ > ^»ja^_S* o *ji —> ^»o«ia & ^ j j ^ .* ** ^*a»> ^ 

333-j ^^a^S* ^£6ijL-0 i^^33^ ^aS*a*j ^ ^33 <5 {£ 3 ^ ^£ 3 ^ fi^aM^^o^a^oaJ 

^ 5 ^ . a_*ajb L»»u 4 * * ^6jaJ jooa*_S^ ^41 Y'Y' ^a*_5\—>j^> ^aj*j a^l^jaJ 

j liljaj&a5"jiU jbaJ jL5^6jLS^ j^j^\S sl> aj £*£jj£ 6 i ijLi ^aj L> 

d j^jUb jljJ^ ^j L>j j jl^a^> L> ^Ijjjiajai" aJjjjlS^ ^-U^Sjjlji ^jlS^ j L.^.i-) j^5bi^ 

. j ITa»ww^w^ j<wj ‘‘i’ejjj j jlS'Ljuj tJj^jjj 1 _r°^‘*-J‘*J 










‘ “ j US' <£l-$* (co|j) *m 11) 4__*4^J^ &>A^jA t ^y IjjS* ^ »L^5 Lw>jJ 

^y^j4j* ^J41 j |»y (j bi b ^ jJ^ ^SblL y 4 J eJLw ^ *u )j-oJ^L^ 

£>jjj4_k J3^ L5 £j>4_,L jl5o-L> ^y Ij-Jji4»i jjj-fjj^— l£ 6 j-?J L^jb^' _ ^ 

j oLi'o aLj jJ.^ t^^'* »~* "*' * ^£6^4«j I^4^J4»& j^j4Jb ^y^yibj C^J^ ^Jy ^4 «mj4J 


<L_> jlS'ftjlj-^Jjb 4_>jb (Jj4yjjj ^yljj-^ ciJftj tJlj&j ^JJJ ( -r 

ft^j4_ilj4^j4Jb ^£4«^S»Jj£ , _jUfc 4_I j\-^ J IT4j i * <u^ b {£j^*^33J ^y I jJ—S* ^3 ^^ ^Jj-fc4 

.olS*o (^jO ^Ij4j&jjb4j jlS* jjmJ LmJ LjJ 

tyjjj-JJojfti IjJ^-kjjb ^yb^ftjb 4__> ^jlibl jji* ^y-UjJj4j 4 j J15* 4*j ^yjys fijUj-k 

O^S*l (^J—fe 4^ftjy ^y lS*ft j Ij L<J> 4-» ^^fU ^^J4 j ftjy4j J4-t*^f ^y ^5*4«tljl5* 3jy3 

♦ ^JJb4j4jjj j15*4j ^yjyj 4_t L> Cjl5* 4»o Ij^Jbjj b 4 jj LSsj I jj5* y I i j j j 


0 L5* 4y jL5*ftjl5* ^yjybj Ij4^4i* j4j ^jjfijb <y Ltf*-' 

CftyyL-k 1 J—>l ^ * > ^yIj) * *7> * )b j4 ^■»> 4_0,/ 4 * 1 \ a £ j4_« C^j15*ft j^L-5" 

<yjy $ b->j ^j—^fijjj «. j15"d jLi <yjy 6 jj^ j y>jJ4j.S*4J ^jLo.uLo <y jy i bJ 


^yJjbj—*^ <^°J^ ^£^-b ^ 6 j 4 jjyjj 4 j Jj jjyj&i ^ 4 -^jb 45 * j 15 * 6 j 45 * j»j 45 * 6 jl 5 ^ 

^15*yJu5* ^L> j jlS*4^>ftji ij jbj Oj4j (Olfl.~.JL*o) ^lS^6j6jjjb> j JJj-^4^ 

J jJjjLS" ^jLS" J^JiL j j ^JjAbjjj jj 4 ylS"4-» ^JLj^lJLo j 


^6^4*) i4_1 5ji^j4^b ^o U^6 jij 4—ft C bl^4__^4^^4j 4__1 1 ^ i »<» * »o 

^£sJL-*P y*-V.*.V>—*4^ 6jfi j4_j ^Jjb4j 4^4 jIj*J 45^ b j^JL^jjj IJL*j 4J jjjj-J ^yjy^5sy> 


^ibj (JjO Jj y4 ^j4j6j jjj4_^ 


rtv 









j j^u 4__^Lb* o^ 3 ^ 3 ^-**^ l_jL» 4—i — V 

1 »t» 9 4«_) Ij-y^ bj*-S3 i jL^> l^-<bb^ u I ^ ^fcjL^Oj ^Jj^-OL-»j C 4 j lj-w!ww I i ^£jlbL9 

iI j 4_I Ibj * »<» 5* ^5*L^ » ^L&^4 —) (> b*—^ <£3*3 ^4_m. i 4J j-»Uj 


^*oL^4-b4j . 6 j4jIS*4jLL-mjjI ^ ^ J j^jjj^jj ^jJjIj&j^J ^Jjb4j 6j4jj4^JlJ ^L-Sj^S* 

^j^oLjJ j i/ <J*3M ^^33 J J33i jLIu4j 

*wwwww»D i cijjj 4b* LbJk ljuj> ^I^i4j l«bbjj-»6^ 4^ <£ 33 ^ 3 4^-1^ 


£j*-J J>3y^\->j d <L-J<u* ^jj ^Sj 03303^^. <£*%3 <bj-* 6JLtf 

^j—ft 6jj —j bJ&jjj ^jjIj 4_I lk&jj4_k *(JIjO i_^33i^3 j-dj (jb-blbL J jj> 

^db &^^b*4*j*^4j ^j!L4^o4«j C 4J (jJ^jjlS* ^ J^-maSjjj i <£ 3 ^ ^33->( m $ J 33 J ^^ J 3 

j»<d* ^-^* jL» j jjj— f p.J<iL-^4j lb*4-<*iJjj 6 j6 i ^S*4-t*^4j Cfijji^S*iL»j <£3*3 jd* 

3jj__yO - sjA "jA^\ t ^*, tj 1 < jlji ) j ^ <£ S 3 A *'331 ~ A ^ 3~ ,a * a *' ^ &j&» j ^* 

^fcjcLb dJfij bbu ^lj6ijcL_i jlS^cL-yjjj^o a_> ( ^lj4Jbjjbjb MJ 4jlb*6 ijlb* 

^4_S*4jI ijjjd* ^£4»b6^4Jk . !^4Jbj^L» ^£jj-&4Jb->& i 4«t4Jb U -m^*— * 4b* 

<£3*33 6 *—**d jL_ij j <£3*3 ^Ij^L&jjLjj 4—ud j^L-S>jl ^jj ^S**L_tj45NyjjlS* *L_t|jjJj^o ^b*i&iaj 

Y 

• . C-J 15* 6 ^ 3 j $ 


3j*-£*3 OLi'i i jl_^J> <lJ tfL_Ci5j4Jb «L_5 ,ja_) ^^OjJiL_j a5sj«L> j4j l 4jL^4lJ « 

j^—j ^oLsi<*_j<U .^j-L-Lfesi Cw^siAj ^<L-> *-£ ja_j ^jj^jibja_j oL^si ibjj ^-jlijjj 

L^ 6 jljb> 6 jIjj jlbib j Ijajbjjb ^jaibijb' coi5i^ i3jA>3i a£ (ja.ojlSbl 

bjtLJJjdS£ b j (^jLSbl ^jj a_S^ ^Sj^> a_Ja5ji jjj-J j ^—1 ^Jjsj ^-ojj'aj ^ja_i -jj^-obj 

J_i j jj -> ^>_ij_»o.Jaj& ^Jjba_X2Li6 i |jIL5ja_j . 6jjja_J ^ajjjjc ^xJLj 6ja_Ja5” j j j (jl5"&jjaj 

^g5b-L i j a 1 1 ^ ^a^oaj ^>3 L^aJaJ ttiXlSbLo Jja^> Jj j jajCLi^jji a_iaj|jaJ a5* 6 jajCLis ij^b ^^^jjb j^ji ^^5'a_is jLo 

a*J jjj ^jjj^>jbaJ ^Jjba_^lj 6 i ^jia^oaJ «jaj ^ajj ^jj ajb&i a^ Cwu 6 i Cwywjji LojaS" ^jl5*alj aj bjj^ 
d^-ujj^s ai' jjb'aj du\*jjbj[£ ^-oL^ajaJ ^ 333 j ja^u^aJ (a_^^I d^Lob) (jbs^^J-oj 6 jlj»oj 

.^^yi^^aj ^ ^X*^u j jj (^fi^ajj^jj^b ^ Jb j3mu£ ^3 j^a£^ bjjdJd^A^jj <j)b^ cC o jrb^* li^a^u^a*) ^dyj6i 











^j4_& jL SjJb »j5^ 4_S &j4-JCu&i OJJJ ^jLo bj^j ijS* jL^L 4S* 6j4-CCw> ^6 j4J 

4^-»jJ C 6^4^_ o j4S*6 J^J ^Jj^-Ojb*/ (jbbL.>jJ ^^SLJa^ojS" ^ ^£j-&4Cj 6 i 

l»j4*_S ^£6ijb-0 4 _ijijjC jj—’ ^ 4-u («aSj-o JTLC-) J L^* o ^> <£j^J ^4b» ^jIjJ^S* (^4JCm j lj b 

j jlS^CjlS *jjo ^4_> C j4_S6 i ibj ^j6j <^0j4^ ^£4^0 jlS'LS'j-S j jLLmj jb L ^-»^-i J JJ^J 

•(JjO ^ L5 ^jj^L>b ^j-fc^CCuO jj<L& ^jjoibj J U>ftj3 

£>b dljji' 

^Jwuhjj>u ^j4S*& i I^^Jfejj^b J JIS ^<ulJISjjJk ^4_> l^-y ^Sbbjli' 4 J CoCCjASb—> Jjj 

&j4*_Sftj jl^CL> ^4^_t4*j*Sj|ji ^£j4.^*jjlS jJ ^_S ^£jb cJIjJj^ 4»J 

*L_S L»w J <»-44j>^-»o jjb (Jjb cJIjnj^ 4„)4 jIjJ L> Cc^ i ^ 6^4jIS4 —> ^j|^4Jbji^b 

.b—IS ^£6^4 *jj i^*-*°4S 4j bL mj (jb ^bj 

(^£&jlj4*_S (Jjb tiJljJ-^ 6 J\Sj j_S 0-^4,J>j^o ^6jlj4S (Jjb cJIjj^ 4j ^jb ^4*jb L> 

^jlS4«b ^£6 J3^ yi <w ***" 1 1| 6^4 j l-Co'b^£jJk4j 4 S4oI^L j b CXc>fi ^ Ci_bLw 

ibjj (jij-S ^6jb j jjj—i pj4^4j) jb l£-9 6 J l5^° ^^b ^j^Jibj 4o . boj4S* 

^ l«L-)lSbj6j ^jb^>J ClbiO ^JjjJjlS (^A.»-m*S jJ Ij ^ ^£6^4j|^-» ^»4S i ^->4-/3jb ^£L4 «*o4j Cc^lS&i 

^Jjjfc4«^wjfi ^ ^IL^-*O^J C 4 J ^WtJ 6 ^ 

.fij<dS"o jj^u 03M (*j^ 

y<L_i ^L_» 4_>jb ^j^jjj ^j^JibjJ 4j ,Jjb dJljj-J> ,Jj-J ^^UJjjji Dj 

4^4—C 6^j4j l^4^,j4Jb i Co ^ j»4Jfc^j4j 6^4 jIS^ 6^Ij-C/^ob 

y,L_.4o 4^.jb ^Jj^jjj U^J^> J JJjO ^6j<LJjjJ ^>0 J.-0 

. 6^ 4^j^j 4^*D mCw! ^j IS', 6 ^ 51 > I $ 









I i j4_m,i 4J ciJ^L—»4 j^ j C <l)b^ ^jfV* * ^ JjIT4—> ^*o^)4—S* Cu6 ^ 

^jj—J p* —&4j ^j^JiLjj (Jljfij ^Loj*L-S" ^£4—L ^jjjjJlL-Jj *—i £>j£>jjj —I Cyjl—^ 
l-L-dji &—) 4_S* cl j^j4Jb ^£6^4 j^^jj^4j i ^L4«*o4_t C 6^4 ^,j^ 4S*6 «Lt»I 

i»j-j ^ »** * * <£j“^ ^ 0 L>j cj 1—$^d i • Uj &j4j Ij^SsJ^jb ^4 ^Jj^S*jL& 

tjlj5 ^ l u&Ij lj4 AjjL—■■■■ 4 

(General Circulation Models) ^-Ji^jbj tC -^- L i 

OJJJ ^L)4^o <i 1 Ij4_kjjlj ^IS*6 j*L^6j ^6j4j^jSn^Ii j &j4JL*JjSnJJ Jj Co ijlS*4u 

^J *-*-*‘~ 1 d^jjJU ^S*4 j4jji^jC^ ^JwJ^o ^Jjj^o C IS* 4«*,j 4Jbj^j Lj 4»j ^£j 1^*j I jm^S* ^£6^4.0jS* 

4__) 6^1L>j >^S* ^£^*/4S* jUL Cl^wu^j^UO ^jLiJ^5 4 S* Lw L»> 

♦ &^4JLj 4»$* & i <Ljj^ 4->D^»4j LT^' ^4»j 4 J cl—>Jj4Jb c!^4Jbj^L> ^jI^JjS* 

4_L (jj-w C “ Y “ >)Y > 4 4 ^Lmj Lj ^_£j6j l £4_L Cj^S" 6 i ^■^■*■44.0 - ^ 

-M-JiUn J JjO i3jjj <>J-H fj* 1 -^ L 5r '-: - . «- ^ - 1 lfc»jj4-*> .ej<c^jjj<L, 

^£6^4^_ijijJjj4u ^Jj^-OjL-t*f ^uLmjJ^jIj'U*/ ^6^6j^mj4»J 

j**^4*j C( ( j - u A - 1) 4_t&jj4S* liJ-oL-j j jl X —m j j (^JJ 6 J 4—^ lijjjjjj ^4JL^7*7* j4j Loj4_S* 
^jL—»j IwL^- t ^Ub 4__l bj C Y — Y) 6 j\^o4«S* b^dj 1^4*04^>^L>4d 

• CCufi i 

^6j4-Jj^j6jLjji J>4-J^jfii J!jO ^J^L-S* ^4 -Jj ^6j<L_jjjjjj4j “Y 

jLi^f ^JL-cu4^ - Cuji^ j4 — 44(4J j ^pL&4^_) tiijJj4Jb 

. jIS"4^j4^J^> 4J|jJj ^ Loj 4^ lS*4jj,j4_tIi 













j>\£± ; i , :^ j aj jljU ^ % V ♦ - V 

. !«LuaA^JJJJJJJ 

j*^-^ j Ijjl^— i^£jjbj a^J C ^- j ^ 5 *o ^ dJL^ — t 

. b Ju6jb ^LSVjJbljaJ IjlLjjU^J 

L^L cla >^6 ^ Ib > 4j a^>^Ij t < s*~ t T t ?** mK “ s 

. AjAjfc Jjj-o ^Lj ^jj jlji ja»^ aj Jjj aS* ^yLcwb ^jaJjjjJjiU 

** iiif 3 <PjJ^ ^LS^jbj 

Aj [j l ^ »t» Ii t jA-j cCbJbjk&-CL> !JjIS*6j!jj jj^oAJfc aJ jjj 1 ^ > Ijajbjjb ^jljj^S* 

^A__I C A__i b aJ*j Aj Ab » Lja_l ^ A 1 i 5 6^A__) v, *»** > 

* l jpj^> Ul ^ * i 


^6jA-Jj^j 6jbjji ^j^JiLjj ^^ol^A-JaJ jli'a^jj^o J JiLo a^Lj ^ 

Tv 

j ^jlS^^jA i~ ja 5*^S*b j ( dJfij ^-jbjjj 

aj Lm!C 9jljLj> ljulS'Aj j 9jAJoA »« p I (^jljLww>) ^JL«jA.^Ltaij|J ^^LwjLww > »^JLm ♦ 

^ILujLj lAjli^bj lS'' ^ ». J <l jr aj >^Li) ^A^aJ A_*_OjJ!»Lwj lj jjILA^ 15 *a5\-*-^jj 

^SsJa^j A_i.<, i aJ ^ j A_Sb j IS'j (jIS'a** ^LJauoJS' A__i ^1mIi_j I.A< ^LJauoJS' A__l CQq^T 0 .S A_.i.,i Lw —i A_$*9 jL 

^‘«-».»-J,M-Ji-iL&SjjAJfe CA_^iljJjfe (jL>A^Ajlijjj ai' ijAjL-JLI j^wjA-j Lwj9 j 15"jAj ^^JjjjjaJ ^JLwjA.^Iijj .CojS"® iA»ujLCLi 

^A__tLwO aJ c* < 1 ^ l—> 333 k £ ^*~ l (^“***3j ***b ^33 ^ I^d ^333 ^ Ui1 ^£***>33 t^ 

^^JLujA^^ijj .3jj_-o j ^L3> Jj^jA >n M> *jI aIj ^SjA^ji^S"jjJj ^jbljTV <<iS^jAjaJj|jAj ^jljliA__)SjLojAj 

^ b UaJ ^»o L^AjaJa^JLijjA^_ujAjIS^S jlj^ nJ>6^b^^ ^ ‘' 1 

^9jA_ji^5b oa 5" ( J^JJA_5bJl5 ,, jl5 , A_ ; ujU A_IjjJs ijA^" ^jj^iLjj CjLj^j^^j^A^^^jLLLfc ^A^tliJl> 

^j-1 ^5"A f ^*1 (^jjjjbjA ujaJa_)AJS) ^jA_5bj^ jAjL^Aj ^j-£ 6 3333 A_^jJ jJJjAj 

a^>jljaJ jL j> jjj jjlLA_^oAj td^AJlS'o |»a^" jljL a5^ a_iI^aj& Ll » ' a_> ^^ 0 ajLummi ^JLmA.^Lmi^j 

U&fi^jAjb .jj ^Sb-ILwj ^j 9jA^_JLmjaJ a_)|j|j ijj^S ^ A»ji j^A<Aj ^Ai'ajljL a 5* lajl^Aj ULwi 

,^A^>jb jjjA_I ^JL^A^dijj . A^_I ^JLujA^dijj ^^jbsjlSjJbAj Ijub-O- (^aj>jlj (iijJjAJbAj El“ NlPlO 

^li'b^A^. ^bsjA^ aj a_jiLyAj ^The Sahel jl5 ,, 6JlJbA5 ,, A>jbaJ ^lujASbjb" t6 J^ Ijjl^> 

. ^jA»o A" . ^iJ ^9 iA_Mj 


















j . jlibcjl j}j j Lo j<l_S* ^ISaJjja—£ 

C 6^5 ^ mi boj4-3* ^£4«b ^£6^4jjjj fJjjdu Coi ^£jJ ^^j>jb ^pl 

b ^ ^w«JL- mJ aS\ZL^J ^ L/3j^L-S^ IS* ^Jjp *Lo 4j Cy *' i^IS^U i b^ L&6^j4Jb 

J—wLJ ^OjLo jI^Ij ^-bo jo*u cCbu jp-Cb l£^ ijlSjJSs cuaj!jaJ <S* 

.djiCJftjljjji ljuL^> ^*L>jb <ii3jj*u&*»J ^JLmj«i5n-^jj ^^jjj j ( } 

j J-j'jZu^' *lJ Jjjba ^mj ^ 6 j*lJ|jj ^ol^*L-j*J jLS*Ljfti ^L-.ob ^JbjtL-ijjjjjtU - Y 

j}—i) b LcS* c^jlS^Lc> ^.^woaj> ^£jb ^-C-S* 

^>j\j i |^3j—> Uft i ^ fi ^ /o * j * Y ^£^1j ciJ ^—i 

. jlSbjljb^S* <bbp ^jlS**L>jb j jlSbjfcjCbS* ^alSbcop 

IS*^IS* ci*b—i 1 ^ cii-tjb ^S*4 j 6^*o^^S* ^£^b ~ Y^ 

3*?) oj^3\I> c^JiJJj u^*°^3 j^jjj 

• 6j4_» ^^j^S* ^£4-b ^6 j4jj^jjj<L» j jjjjlS* ^-U^3jjlji ^ (obo^o 


jJilj_5bu j jjruo ^15*6jljba_f ja^aJ jlSaij c$ o>jlj <*-S a_faj9jljlj j_Lu ♦ El — NiflO j_Lo ^9 a>jl_o ♦ 4 

lj—fj> Ja_S*aJ a_S <^£9 jO> aiol jL j4_j J j-CL-ft <jLjj6j (J^jAS' a^Ojj^u jaj jj ji £ 9jLob jj jJp&9 JjjlSbj 

UbijjiLJ& •Oli'o Cw^jji IJ_LoJ*-te ^L_tjdj jLj ^.V—-vj j^j ^jLj J ^ppu ^ aSa_ii ijLo pi9jaj cCp«^ o 3 

IjJLuj^ * — Y jl^^<*-1 ^ Cojj<di bj&jb Aub ijLo<*»i jCo c jl^^> ^1j<ub jjI«j j<*-o <d5"9ijl5^ 

c^JJJ L£ a -^W (u^ fi “^ ) C>li6ijjj .sj-UZljsi 

ij.^Jo ^^u;6i 9ja^oa. V .«. 4 ^>. ) ^9ia_wj ^j l^aJL^—o a»J j <»* a»J a.Sbo (^jb. j»o ^ . fe c^^jO 

a_>jb ji^oaj ^Lcoau ^jijLo> Gelbert Walker^iOij ojJi> a_r diJo3 

a_J jL <<ia_i a5" ip" ,j9ja_> c j^.<_ & ^a^a.oa^J^^ a^aj ^jl5"a»<«jl^Lj^jj ^ jl5"a»<«j*^a^^jj 

Caj^o> jwwo Ub 9 jja_ft . a.V_M,ilj ^pu__ia5'aj|^aj>uo 9j . bl^L->jjj aj j L l » ' a_> ^«ojj ^Ja^aJ ija_wOIjaj <0*^ajbjjj 
c^bbjjb ^ ji^piU ^ cii-<.«.*jTaoa ^^Ijja^ ^ !5L.*iL aj ^^^oljU ^pojU Ja^aJ ij5* ^j»Lo ^jlS^aJLu; 

(iJ9j cfJa_>a_j>jlj Jja^>aj i^Lwja^bijj ^p-w-p |»*^aj cjCo9jjaj j i pl5 , 9jljba5" j jl5"9jpj5\^a_) aj*ij 

^p*iaj&jjj ^jj^LjJlLj&j L^jP 9Juajj ThG Sahel Lajpaj ^jba^ ^^->j^> j J^jb^ 

.9 jjj pLo ^9ijLi ^pbjjj j-iplji-L^ob 
















^^ aj JJb.L.t aJ Co^S"6 i ^^oa.& j4j ^Jbj^jjjjjj^j ^ * ^1; a^Jj 

• ( } j^JJ ^bjjj jbjji ^fijaJjj^oai" j aJj ^Jbj^jjjjjj^ ^^obiauaj 

^JlS y; .:Li" ^^oa-^jiU ^jj-j |»a^j Jjj-j jLLuaj ^ojbo ^j^obj l&ajja^ 

j ^aJu <^&ja-Jjijjjjaj a_!T fijdjjj ja_I c!j»jlSbu ^abbo aj>uj»u a^>jbaJ 

^5^a^_i6^aJj(jjjja»j aj cfJL^ ja«^aj a«ja^ ^£^jbj ^£ja^jjlS* p-lajbaj ^jj^jibj 

^ja*_^jjlS* ^LS*^ ^Va —1 j tauj^aJ ^&ja«Jjijjj^b L&&jja_k cl«Lj!jb ^£j—> aJ dJj-u^ 
Lo^a 1 > c a__iiL^ * m» 5* ^a .^ab 

(j^a_*oaJ a_5^ cIjjlS'abb^au j jlS*a_t &jl«LJajaJ jjj— > |^Ja-jbaj ^ajjjibj ^Jj&ajCu&i 

.jJj-o ^ajljjj IS*ajLbjb jIS* aj Jj Cwj&ijau ^jb ja^ ajlSbijlS* 




ulbab 

*** 


^a_L ^jj^oLj ^aLSbjl^S* a^jljajbjjlj a_tjlSbljjS* ^jaJj^jjlSbftjaj Jj 

^ja_i^ j-Ljjj ^&^a_o/ j»a_S* Jb ajb 3jj-*o aJL^u^^j ^LojaS* 

6^a * * 1 a iaj IjaJ a^_S* ^ja«_) b-j^aj D^l^a^j,/,>* ^a_* ^_o^S* ifJjnj ..*«*< ^ja_b 

Ijl^Jajb jaJ cjdjjjjj 


^jj^-ob-»j a^j^_j> cljuL^> aJ j II^ JL Jy ^u I ^ ^abbai* ^-o^S*ja^aJ ji^SjlS* ^ 

»<w<u * jjS*6^ Ijajbjjb c-^lS*&iibj ja^aJ ^Lm^ ^6^bo^ 


Ja> a^* jJJsili ^Ij blj dbjjajfc ^jl/j j^ai C 02 ^j^ibj ^ja^bjlS” t 

jbLH c^b“ L - ,a_& •bJ-* (*J^ c^^jb- 5 J L^Ji b J <JJ^ b J C 02 

O(j^jj^U ^—’ m ' ■ 1 aj I I j-<—kJ&j » j^L-S* iO ^L-S' ^ jjJ i—> ^ 5 j L_>J ^Lm. ( ^__i 

• ^j-L*JLj6 ^ aj4 ■ V , <o iiU ^ 1 ^ ^I^. , «.JL«.i I i cJ Ij^^. J >» —jT i^S* j^mujbj L> Cy u t ^ jfi »L<—>«L»oj bj ^J LS^^■ , <*.<.‘^jT 

(j-Ljljj ^—> ^Ljjjj) ^a>t> Lfe ^j^jiLjj ^j-&a V^is^ CO 2 T << i 4j Ja^> ^jj^js»L_)Sja_)jji 

ba_$jj aj %^ * i ajbsi a^ jljLj> ^bjjj^u j-V.bjT dbajajb ^oajbjaj ^JJ^ajCusia^” 

.^-oLbaiai' aj % ^ A ^a^bjJ j Jj> j aj °/o¥K ^a5bjj j 














. 4Jb4j b^^* ^j.4i*-t aj a5^jj ty^ i Jj^jij^i ¥ 

l»4_^ j (LfiJ-JjJ j jJ£> L^Ojj) J^O^ L^OjJ ^ U^>^> £**Zu 

.b^*6 i Ib> IT^ i^5* 

jjHi L-i 4*->jaS>uj\£ ^ 0^ 6 JJ^ ^JJJ ^J 6 J ^&j*C>JjI> J "*• 

• CawO&ili JJJ^ jLLu^J ^Jjb^J J l^J&J ^Ij^J&Jjlj J^LmJ^J 

^b ijL-O ^L£*&jlS* Co j\jjIj4_I 4j!^Lo Ijj4j C-ujJj Jj*L& Ijjl j2jd£ 4j “ 0 

•lPj^O is*3Ji ^ Cpjfi <Sj b^ 1 jjjj 

6j clijjjLj&li *lJ Ij^LjbjjLj 4^_)j ISnJ IJ—> jL^li — A 

6j!j_j ^—1 b^-^jL^ c >*♦♦ ♦ *"* Ij ^j^jjb j-^—(^ b-^&^Lolj ^&j4_L>jji 

. I-01S^6j!^Lj> 


rot 






jL£$&uIj 



Voo 





jL£$&uIj 




(>) £$SJhiJ 


J *Lij J M <U-^jL j V 6jL<lJ J jL# *jL,L 

• Jj&j . ,-^w!^j fiLj T Uij 


JLr> 287 J /Kgk = R 

v ' P 


P= p RT 




PV = MRT 


^jL^p <Sj^ >^5jLoj^jb olio I^jj *ujLfe j»o c&jlS* 

:Stefan Boltzmann law jloj£ljj ^L-L : Y-> 

^j^jL_ui ^jLo*LJfc 6j6 j4jI o j ^JJJ 4 j4j 0&jL*Lmj 

^ L* L ^ MJ b 5 ^ LwJ fi ^ 

^£*L_L> J ^ ' 1 ^4j 1^Ij ^£Ju &^ b i i L*0 JJwIjp jJLwu^ l 

♦ (E) &j4jlS*o ojjj 6^jj^j j (T) L&6 j 

E = (J T 4 


jiajL-L. ^ 7 X6t5\ • A "= 10 w/m deg £7= 








B V J*SJ (£) Emissivity j-z ^cLJolo j ft*—! 

j <jJd > ( ^ — * j!£<U aJ 6 CJ|6 i 1-^—L^ 6 lcSs.C—C 

T 0" £■ E — ♦ Ou-Cj ^ lj 4 ^j L& 


Wiens Law ^L.L Y- \ 


j4-J jj—>jO (L) Jjo4—C J j4j ^ (T) 1&6 j “^LmjL |»4j 

L= 2897/T: j»4j L'Wy ^ 1 O 

. 6>j<Cbo (iLJLj -£bj^ (j&rtk 4 -* ^ j j^Lj ^jjjj cii;<o 




*lJ L ^4-j4jjL> J*L-fc ^ (A) jJ> Lr’^^jLoj^Lfc 

1 ^ylcjsjli'j_J 4 j <."- ^ O ^ lijjj ^7 mljftjlj j lijlj % 

A = 90- (L+D) 


:<u<u 


^U, 


j (L) jj*-" oL*y (<>L tj^^j L ,j»jLoj) jjljL> (L+D) ji'Ulj j»«o 

• b 7 i I H I > jjLmU Aj &(/\) . CZ^jyti (D) jJ> ^L JAjjL 


.6j6jj ^ IS^LJ lCu*j IS* 4 j ^JJJ 4-1 4-t<Lfc 3jj-o jj ^jj4j ^4^/jS* (^-Clj 

<*-SLj& J J—f 6 jL jlj_S* <^S>JCjj_C ^ J J— > {jjJjjjdu j ^JjLo^j ^s-ulj 

ljCw_ww^L& A_1 ^ CoI-C L * C- c j J cJ^UD^*-C 4j ^yy li j 

• C-oJoj Lo ‘CLw* 4o j'P^ 4 S* 


rov 













Pressure Gradient Force ^ :\-c 

\jjS 4_» (A'P) Ij4_Jb ^1 jjS 4 J C*Jo y U (Pg)jL^Ju 

♦ 6i j)\^ ^»aj .li (p) I^a»& JaS^aJ (j_Ji!\) i 

1 <ip 

Pct =_ 

* pdx 

ljL j ^Aj!jAj>o-> 4 ^"iyy y 4 -w^. 1 1jL j ^£&^Aj J^j 4 »j&jL*oLj aS*4«*JLwj 
j ^L-iLjL^j j*L^A j cOljjfii ^J-J ^jLLmjAj j&jAj &J&jjAj ^LLmjAj aJ L ^-»L C AjLLmjAj 
^ I j ^ j4—b4>4j aJjJ> ^L—>L^jAj 4_S*4_)L> ^A_m.i aJ 4-tljjj j^S\jj 15^ 4^*Lj Lw-j^U 

jlS*4_Iljb ^bjA^JujdS <ii-^ iJj *L_» jj_>6i iLtj t _$-*-“- , A$*A->jj jjjJIcu jL*4^Aj ^LLmjAj 

• AjaJ 

: Coriolis Force >-*\ 

4_I i^gbyZjb jA_j ^ji ljL^jS j Jj AjAjLjjIS* jiy ^S*A*-tJj&j-tA-t ^j-mJj-ijJ£5* 

♦ u j ^ Cw .o 

Acor = 2 Q V Sin O 


(V) Lj ^1<Clj<CjJ J (Acor) <*5" Ol>6ij»i 6j<L 

li (O) ^jL j (VcY^ X 10“" rad /sec => ^0 ^U> j 

jA_M.iAJ Cb_*.Q ^ 4^t_w0 4J^ ^jA^JjlS^ ^£Arf-Mjl^lj . (j_jl 


voa 






jlilj&wL 


: Centrifugal Force »jsjusjb J jji* : \-v 


j4J& jb) Coi C-wjfiicU fijcUjfij aJ fijfijjfijb <U jl-CijJ 

^—5" ci—C 4»S*4«jI^J? ■**' ^j^Co4_. <,< 4_J b^jbjbS Jj-J C*—«j6 » 6jL» 4*_i J L> ^ 

6^4jLo 4»^> ^6jiyfc^ 4 j!^j4j>^j (V) Li I^ l^> aJ '^^\J AjIj^Lw^Ij 

♦ 4*j L& •(f) 


7 2 

Acent = - 

r 


j_. Centripetal Force jli^lj ^ 4 j 4 -^ 4 ^ 4 j 

• I ^^CLmj IjC j jjjcjlj 

Flydrostatic Balance ^^CjL^JjJuUs ^<L,jU jb> 


(P) b^ 6 Jj> (Az> jjjAj J>\jg <u (A P) |j4Jb LLmjcU ^1 jjS* ^Jj&j-iA-i 


gp = - 


ip 

Az 


• ^Jj^Jibj 4*j 4^* 6^j4-i Jjj 6^ bo Li 4«£* ^ L& 

:Cloud Base jj4j* ^^SLl, : > - <\ 

(T) ^ j-»4*0 4j (h) |^£j^4j ^^Lo^^tak Owl b $ 

♦ <^wwiJJd^-> 4_> (D) ^£4»b ^ 




h = 125 (T-D) 







^ I ^S I (j^ ^ * (^1 jSnJLj ^ lj 

.oir. 4f *r 


n * 





jLSj&wb 


t Y) 


j^ibb 

ij i^j ^JL> ^ ♦ ((^j-j) *l$s—M,'jjj '£ 

CX-wjjji ^J^J>j-*o J cJL^ jL ^^>jL> ^jlj^J^J ^L.6 jIS' 




^jjj^JL m^JT*U <lJ 4_t!i^\5s^J> ^5 ^£u! jajbaJ ♦^^oLlujJj-bUfc ^^Ssj^L^jlk 'i'' 

•OwU&i <-**+) JJ 5 IJJ Lw*j4j ^ LS*^^ O^f 

^JJJ ^J_»j ^ljiL_i LfiJ-J^j ^—»!^L> j^lJjjj ^£L_S* ^jJbiLj^sJfi i aSs-jJIjSs *jJjL^> (illJ 'fc 

•lSjO 


C ijiLJb ^J^j) * .Ml 4__) <—Jbj L^,., 4__) ^SLjU (jl j iLw^J I) '£ 


^ L-L ^Ijj-S* ^1 j_S^1j 4_S* Olifcijjj dLljlS* <4—> ^SvjjL ♦ £j<L*<L> ^^Ssl> 'I'' 

I-Sj-P j (iJ—*iijj l ^v-oLj^ (jUj*^) LS*J^ 

• C«1j 

^ja^jl»j ^Loja5^ ^^jjL ♦ U^6 j '*'* 

• ^ ^5s^j L— o*u ^j!jJ£5* ^ <w*-u 3 oU^y) 







jL» j*LJb^J jj->jb 5 dj *LJL»! ij^jli (jlJLo '£ 

• (J^ L Jm- O ^l^do (^Jobj)dod*j ^d^ dj 


C L5^JJJ Ojj-> 


)V * , £ jIj-^j ^^Jjod^jdu C 6 jj-^> 


^ *.» * I ^lJ ^jd^UjdO C b 


'*JJJ~J jJj ^SLLJ 'i'- 

.jj^Sblo • ,V 4 J bybjjdS 

(jlr-^) ^Ljjjj (_g^ * * ;" ' ::: ' 

•u3L£jL° 

+*)do * dJZi^ d*jdu '*' 

•bjb^^° 4 ^ JUai" c^bjjj 


. J^JLj-\5bw> dj I -bs-bww > dS J|^^o4J^4j ^wjjj ♦ ^uyj LXli' ^Sb^w> '*' 

OJL? * ,ul ^ I* fc jJ> ^^lyj -U-uIS' '»' 

. ^ / Y Y 4j lj-> Lj ^ Y/\\ 4j I^j Ufc^-i ^£j4^*j 4J Coww i D i 

^cLX mjI jb ^_£4 j Ij4j*_JL> ^ <djdZ. IjIjcL) LfiJ-J^j <4 —oJj jb mj<0 ^ <djd >jb ♦ 6'jdhf * 

*(*£-9^ b^d^jj^jjb ^ \^jj^b 5 do ^wOj ^bwO 

> Cl»> 1 ^b bjbjb*^\ m» * ■> ci-o<^—> Ij^uUlwoJ tfL—jS* ^d^> l^jOj&}d*fc 'I* 

.ols^fii iLj dSdJdJ ^Qjd^ ^£dSo j jb 

jL |t-b<5 * jO ^£6 Jfodu Os U J Li6 ^ 4-J yj£ ^b^muJ jd^ujd*} ^ 4^-»jhjJ> *bU^ '*^ 

•yt>jj*£ 







Idj IS"A * .Mi L> _&Aj Jk >t» * i *lJ dl * /«*gL) l«L_>A j LwO aJ ^L-5s™>j I i*jS" ♦ 

^6^ * »ui^ Ub ^A^S"6 j)\j 6^-0 ^jL-> ^jlS"^!j huJ^Ja^ D i L_*o 6^A * * >6 

• ^Os-tl^w* lS"Ajjj,jA«d 

^jlS^iL-Ljfc JaS"aJ A-tljAJb ^jLdwAj ^jIjJ^S" ♦ IjAJb ^jLd^A-t '!«■ 

. IjuL*S^u 

^Jj^jA n!*,i ^*L- d jS" {j bo 4—C-l**.*—<._> I^A^"^J ^Jujj ♦ I^A^Ja,& '*' 

. CujASo dJ^UoLo j4j dip IS" 

^ A_l A—i^^djAjAj A__) L—S" ^£A__b , ^ l—>j $" ^ l ■*—> ^Jp '!'* 

. bljAJ&ASj*U 

^j-j> 0333 6 i b^o jb<d-> 33 ^, 3 ^ * * 1 ’ A^ »*» * ■> ^A * ,mi 1 ^b ^jljp-S" t b^d*j l^. ^ '*' 

. ljulS"i>jljL^> 

Y ^ A_1 j Jljj-3 ^aSU_P jA^aJ 6jj£> (_p>33->' 0Jj3*+i ^plS" ♦ Ajbdwj ^ (LdijS") jljAS" j6j '£ 

.otaojjj b V 

b N V / V N *lJ j iLJjjjlS" j^i—mjaJ 6jj> ^>jj-> <jjj3*+i ^plS" ♦cdjjLfc ^plIj aS’jSj -*- 

.ob& ijjj 

Jj—> ^j^-S"& i jbb" lii-i^Sjij dJfi^ C l-d-djj-»&j A__l ( JpjbI^A^A j ^S"jb-i 'i'* 

• (jrylpk^Lw aJLwu^)•/ Iw^Sbo 

*L_jjlb ^6jiL-J j_i jA^"6 ijlS" dllS* _jb <iJ&j IjJujjfcj id ij^jjSKJ ^6 iLo ♦ 6jA JjjJj> ^ _jb '!«■ 
• 33 ^ 3 i^ 3 ^" A&jb i dJft^j C A-tAJk p> JjAj> pL^oAj cd>j db 


nr 







4_1 4__jo j—»jjji 4 J ^j&j l-Cbo ^j&j ^S j4-»o4j 4^b«JLjjCi ♦ (^jl) 4^ojJ *£ 


. bjt>jj> 


4_J ^S*4^ofiJ\ j4o J ^jJj—£* CJ&j 6jljbj> jbft j 2LC C4JL»jbli ^J&j ^^JjjJ> ♦ 6jj4o 'i'* 

• |J-oO 


. IjJoC ^jb 4 o ^j^jjoj^^CJ lS*^ j^ ^9^jb ^«<b*Lk J 6jb jt LJ* ^ * 


L_J &j 4 _CCjOjJj,i 6 j 4 __t ^j&j (^JJJ 4 «_I j 4 __t!j 4 Jb 45 *j 4 o ^fijftjlj-^ > ♦ jTLA - jjjj~^ 

^Ljj j—> ^^lJL^> C(6 j*lJjjjJj4j4j ) Coj^L_)6ib l-CLo CjjjjJjj^J 

.3j^o 

( ^£jb4_o ^6 j4_j ^j4_i jLC ^oJ*LJ& j_j 6j4jjjb4_*4i aj 6jb ^IjjS" ijJSjf ■ 0jj»liljA*4a ' :!: ' 

. oIj^j IjJl^ 

I-L»Lj 45" 4o4io j4u jL) C Ij4^> ^jjjJ^J jj <CL+Uj1j ^£jb L yJ‘L£ jJ ^Jj^jj^j IjjjjJ^J $£ 

.CojSb j>4J jb ^oJ4J& 4 J bjjd£ ^5sj ^31job Ij4J& 

*l£jO l^JJJ 4o15"o 45" 4ojj5" Jjj4_£i ^jj> 'p *jbfi jj> '*'’ 

(OJJ-T 1 j* J^) OJJi^J bo ^1 IjS^j ♦ lj5boJJ <^5"4olj4jk aj ^^Sbjb-040 j45" ^^Jo ^jIjj5" '£ 

^J-C) (^6jcLJjjjJj4j ^15*4 I CU-Ji j»4_kj4j 6jlj4»Jb (<iJ 4 1 b j4 JLjU b)jL JL-S" 45" 6 

^4^^Coj j Ij4—& l5"ft ij4_5* jlj a ) 4«_I (Cawo4-o 6jj ^£jj5jJLo <Cbj>j4_^o4j . !i ’JJ^ 

/ o- ' * 4 j L^ 4«j j C ICoj4ojjj 6 i 


nt 







L-jI*b 1 4_I ^^»w)Lw*^£^L-b I jiJ^S* "*' 

C b^jbjd^uj Jj-j ^j^ ^L-» ^»ob^-k 4—) J|_^—’j-o 1 Lm^ ^o L^*U l»^ 0 

. |t^" / ^ \ * 4^ jjJ £■ IU AS* 6 ^ 

0^ lAj-^0 ^ ^ lT°J^ (Jpbi^ )jUj^ lS 4 -^ (jpUj^ ^ 

. l«L*/jj-»&^ ouJww<UO bo^A^* ^jIS*41«j O wu J 

(^£jL- 0 ^SblJ-j j—^ Lb* jj^_& 4j ^jLc^b ^jlI i 

. 6j6j I/ 

.(jb) ^jb Jj 6 i ^ b ImU4j LwO 4 J 4^ &->S j I ijS* '£ 

<4_JL» C ^JLwL»j 4^JjlS* j jb-L)^r^b-ujjj j jlSb-t ^Zjjjbj b ijbi ^j-» jjJj jJ 4 J ♦ JibjJJ^ 

• b^^j^bj « w <w .O ^-)^U L^ Sm *~ > 4-! ^J^j> IjajbJ j^) tiljjJjJl 

<L-l C ijta-^Dj (^ftib^O ^_I &*-}b ^ b ^ ^Lw w d. ' I ^■S < \ ^gjJo\j&£ '»' 

l»4—ciJ A*jA***j j \ j b ^ b Jjj b^^S>>.j$j&£ 4 J I^S* 

.oli^o 


gQs.»—.V'^U V 4»J tfL—^1j * > ^^Sm)^b jJj * j 1 *ak * 9 '»' 

J ^-oj-jb"/p-S"^ * * ^4i"iUjl^l> ^I^Sw ^JJJ jjji ^Ijbjjj ^LfiJj^jib 

.Obfiijjj b 0 * “ * ^b ^4jjb jI^Ij^J 

&£jk*+i &**Jb&Sb i J3J ^^>Iu J (^6^I '*' 

V 1 >«» ^^U C bjlj—^^L-»ii ^S**L—(6^bo »b-^o^>J Ij^L- jA<j jA*-u 4 &S ^jjj ^ ^j 

•JJ> / T r / 


no 







o y jL >0 4^4/^j-) ^£ 6 ^JLjjUli ' ! ^ 

• CmJ 

Ij-tL-j ^jL^&jlS* 6^5 (j+—5* ^ ^ <S33J33J * (jryL-uJp> L»)^yLcwjp 0 ^ru*/ '£ 

.olS*o iLj ^ I-L>Lj ^*iL> 6 j Kc^yj- 1 ^) 

C6j!jL*J> ^-LJ^jC *Lw»Ij ^Ij4_& *CL-m.ijL ^j!j_*j ^6j6j4_^Lj> ^^> j \ J ♦ k jlS^4-w)lj4Jb 6 j4j 

. I^IjiUfcjjLj ^>[£tjd£bj *lI tj*p ( ^^+j\jj$ ^>bj[> 

. ^>M- I »^LmJ I^£bjdu '*' 

. jdS ^ jjLmjjU ^ Ij6j^-mj : fj^ l£ d J^ * 

. b^^J IS*6 ^ L<J> IS* 6 L) ^S* ♦ bj^J b '*' 

. ^j4«S*6i cJ^j^U ^»j4S* ^ ^ L> ^3* CUj»\Sbo cb—>'IS* ^j^Jbj^J *bj^J bjj '*' 

^4-^ ^£4jL <iJ4-j ^ojiL-S^ L I'JbjtL-jl jSjj^U Jj <CL+Ujlj ^Jbjj ^Jjj '£ 

. dJ^-» 6 iLo ^JdbLol^S* 

4_J 1 ^^JLjj) /** ^^-1 ^ j4j J^-MJ^-I A^IJLjJ-CU (^jr? * «r^?>) 't'* 

. bjbjj> 


jj4__i j»j 4_S* . IjjlS^iLuiL^o^JwCi J Ij4-Jb 4-J 4_t6jj ^6 j^LL^mJj 5* ^jli^S* 


. 4^4^ (fb^bj^mUj Jj Oj*CwW>D i 


jL> ^ 4 J *LLt>jjJjl& ^jbjjb ^JLm.i4j 3^ J ij^r ^Lp 


ni 


.LSU J 







li -Odjb 4-J j <4_j ^^Jibk ^jIj< 4—& ^5slJ_^> ^-|^> '*'' 

.olid ijjj 


0->-ob—> colid i_2jj ( V* * — * ) IjulS^UJibl<L>jbJ c5 SbJ ^> '*'* 

Jj-j j ^4->jb ^bjb j^-uj Jjj ^jjijJO ^S*4-»4JjJ> 4 J 

^ l Q u^ d i l^d^^-M^O 4j> ^^d j i t( V"* * ) i^^wwLuu ^jb*4j^jb 

. jlS^iLodjcO^ 4J>jb jdj*L> ^Lojjj lj^ 


.jb OOd i ijLuj *b*4-tlj4J& ^*lb ^^ib '!«■ 

1 *t* <T 4—1 <. Aibrt'jjj ^www<j Oj d i A*jdS\Jb i ^<0 .(«L£j) cib-^jJ "*' 

.(J^^SLuj^ ^JjjJ O-MJjji 6jdjJ^J CwOd i O-cUjji djlj^fc 


.oli'di lj*L& jb ^jb ^^-Mjb cb^cUdjIjIj ♦ ^ 

f ^ v 

• ( |») lil^4»& I^jbi ^S^^jd^b^J b I4*j) d^jb ♦ L&d^ ^«<0 '»' 

j_> O^j^O ^jLj L 5 ^J^—^ ^aJO-ujb J_» *olj<Lfc jb ^jb ^djjj r^djjj ^ 

.COdi %^ * * ~jJU+> ^45btJj jlj^J .lijl^ ^jbi ^S*4 j<lL ^ Ij^ ^jj-i^Ij 

. )4-»4Jb I i J lo o ^S*4„tl^4Jb 4 J 4^* (* Id jb b ^ 

.<0- b jJ>d i ^j^ub ^S*4»>d tfb" 4 «j4»j|^4»& ^ 4 -t ♦ b "*' 

^b»M. ' ^j ^d^4j <OlS*d.4j4Jb d^4«*,j4^J^^ 4 j>uq^ o (Jb»M. ' ^j ^£4^>jb4j ♦ ISjjj b ^b 

0 *igL^jjj b ^9 lij^5*b ^d^- , 40Ijb C^jdj^oA^ 

. lOjdj ^jj-^b i^£bj-*-> 


nv 









Co-L-S sIj cLZj{£ A_j ^j6j ^JJJ 4—1 jjji ^baJ-Jp <jb_r& 

• A*J <W*- 0 ^jL—S^ A*J ji-J 

cljLjl jJj A«_i C*-l)_^>&i ^^jAjjb ^$\JJ6^JJ Aj Ab^ubftJj^j t^jAjjb ^b 'i'' 

lj-*—«*>4»jAjb ^j-JLI L-> CwJ jLa—$*<U &jfi»LJ&jb A-J jl«Lbjb ^ Oliftijjj (iJbjlS* 

* ^jO ^ JJJ^ 

^^LwJwmU 6^A ^_) ^jA >.« AJ> (jb-^A^jA»J aS* A*jA*jb ^A«j ♦ A ^ g^o Aj> ^b '*' 

.OlibjJAJfc 


d^d^A_> 6 jA_w»a5\JA ^ a ‘ 1 ^jjA__i b * 1 ^A_^>jUaJ * ( Aj ^ ^ ■ 1 ) 1^ ^ 'J^J ^ * 
^£6j) * > aJ 4*jl^bjbj ^jij-cub ^b (^jA» m^»oAj> Aj>tA-o ^*oJj (jLL ujAj) Cj iSb jjAJb IS*6 jA»,yy^oAj> 

*c£j0 AjIjbjjj ^j^b j ^j^b 


A—S* dJAj6^I_^Aj C^jjLk J jb_^j ^JJ 6 J bl^^ A_)b ^AJL^Ijb '(Jjj&j ^b 

. Lw-c b b aJ ji^^Aj ^^»«JLjjb ^jl^b ^ ^aJ*j ^ Y 4 ^Lo 

^Ij-bJ ^J—Lk ^jA^bijlS" ^jljbo- A_jjfiJ ^jjj aJ jjji ^S^A-tbfi Jjjj t b A^j|*lJ 

. 6^6wL>6^b aJ ^j!«U j-9 -? b^^^A^bb 


•O^b) IJjj&j ^JJJ j jb> bl^^ (bjj^aJ-) ^ : J>> l£JJ^ L^^b^ ilC * 


^jA-S" (JaJj C^_S* 0 4 ^IjjA—> J"V Ojb^b^XP ^Jjbj ^ 1 L^> : jJl+jj 3 \jL*j 




^bojA^ ^aAjaJ ^iA^ ^aIj jJaj L^jAJ ^jljb5" Jj 


lJ*JJ : L5-°J^ l£ (4*-*)bljj 

• dJ^Ua ibo ^£&^bAb 


VIA 









• 5 J L Lm. i jS* aJaS" ♦ ((^l^jf’*' 1 ) j^j4Jk '!'* 


J jbj <=U^Ss.4. t ^- p j4_j ^-L_)jj jlj-Ju *jj-^ i^i L^^lp '*'" 

<lJ c(Li2-i) (jL^b &j6jo ^L^b jj j^j j ^4^1jajb^j^u 


• Coi^MU jJji J 


l j ■ ^ 1 jS* ^ ^ b IT4-»JjJi II^mjI 4Jb 4_t 4 J L«w J 6 » » 4^* &S\jj b ♦ ^*o ^ ^4J 

. j\JLu ^fijbo ^6 j4jjjJ ^4^ ( fc £j-k4£L>6 i j Ijjj&j ^JJJ 4j fcjlSd *£ ^4j|j4Jb j*l! jdjJb4»Mj 
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